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MPEANCNOBKE

[TocoOue npenHa3zHAYEHO JUIS CTYIEHTOB, CIICITHAIMZUPYIO-
IUXCS B O0JIACTH DHEPTETUMECKON NHKEHEPUN U UMEIOIINX 0a30-
BYIO IIOJIFOTOBKY I10 aHITIMHCKOMY SI3BIKY: BIIAJICIOT OIIPEleIICHHBIM
00BEMOM JIEKCUYECKUX EJIMHUI] U PEUEBBIX MOeNeH, 3HAKOMBI C
OCHOBHBIMH TpaMMaTHYECKUMU Kareropusamu. [locobue noaroros-
JICHO B COOTBETCTBHM C TPEOOBAHUAMH THUIIOBOU IIPOrPAMMEI I10
WHOCTPAHHBIM SI3BIKAM JIISI BBICIIINX YIEOHBIX 3aBE/ICHUM.

Lenpro mocobust IBNSETCS COBEPIICHCTBOBAHUE U CUCTEMATH-
3a1us 3HAHUM U yMEHMH CTYACHTOB, O0OTAIICHUE WX CIIOBAPHOTO
3amaca Imo mpejiaraeMoi temaruke, GHOPMUPOBAHHE HABBIKOB 110~
HUMAaHUSA, [1epeBoia U pedepupoBaHus TEKCTOB 1O CIEHHATIBHO-
CTH, JlalibHEeHIIIee pa3BUTHE HABBIKOB MOHOJIOTHUECKOTO BBICKA3BI-
BaHWA HA OCHOBE IIUCHhbMEHHOT'O TEKCTA.

[TocoOue cocrout u3 msaTH pazuenos. bazoi nus coctaBueHUs
10Co0Us IOCITYXKUITU OPUTHHANBHBIC TeKCThl. Hapsity ¢ TekcTramu
B KX/JIOM pasielie Ipe;iaraeTcsl KOMILIEKC YIPaKHEHNH, Cr1oco0-
CTBYIOIIUX aKTUBHOMY YCBOEHUIO JIEKCUKH, IIPABUIILHOMY YIIOTpe-
ONEHUIO TEPMHUHOB, TIOBTOPEHUIO HEKOTOPBIX ACIIEKTOB IPAMMATH-
KM, 2 TAKXKe TIO3BOIISIOIIUX TIPOBEPUTH 00IIee TOHUMAHUE PO~
TaHHOTO. B KOHIE KaXXJ0TO paszelia NpeayCMOTPEHBI 3aJ]aHUs Ha
PA3BUTHE HABBIKOB MOHOIIOTUYECKON pEeUy ¢ IPUBICICHUEM JOTION-
HUTEIBHBIX UCTOYHUKOB MH(OPMAIUH, 9TO CIIOCOOCTBYeT (hopMu-
POBAHUIO Y CTYICHTOB HABEIKOB CAMOCTOATEILHOMN JICATCIIEHOCTH U
pa3BUBAET HABBIKYM OOIIEHUS C AYNUTOPUCH U BEICHUS JIUCKYCCUU
HA AHTCTUHACKOM SI3BIKE. 3aKITFOYUTEINBHBIM 3TAIIOM PA0OTHI HAJ| KAXK-
JIBIM Pa3/IeNioM SIBIIETCSl 0000IIAOIIIIA 010K, 11e1h KOTOPOro — 3a-
KPEIUICHNE IPUOOPETEHHBIX JICKCUYECKUX HABBIKOB.

[TocoOue BKIIFOYACT TEMATUYSCKUA Pa3jies Uil JOTIONHUTEI -
HOTO YTCHUS U CIOBAPb-MUHUMYM.

ABTOPBI BBIPAXKAIOT UCKPEHHIOK OIAr0JapHOCTE PEIICH3EHTAM
Mamnamenko Enene Anexcannposre u Mapkunoi Jlrogmune Bma-
JUMUAPOBHE, YbH 3aMEUAHUS MTO3BOIUNH YIYYIIATH CTPYKTYPY TIO-
cobus, a tawke Tpyxany Marser bopucoBrudy 3a MONTOTOBKY
OpUTrMHANOB pUCyHKOB, DypcoBoil Haranse I'eHHanBEBHE 32 CO-
JIeHCTBUE B I0J00pE MATEPUATIOB.

Asmopuwi



H | UNIT |
| ENERGY ENGINEERING

Start Here

1. Do you know what forms of energy are of the greatest demand
currently? Try to guess the energy sources percent of total energy
consumed (see Fig. 1).[12]

1) biomass 4) coal 6) nuclear
2) oil 5) hydropower 7) other renewable
3) natural gas

3%

1%

|

Fig. 1. Diagram of the energy sources percent

2. Read the following international words and mind the stressed
syllables.

electricity transformation geothermal
electrical biomass radioactive
nuclear chemical thermal
transform hydropower concentration
industrialization potential vibration
expertise kinetic compression
mechanical gravitational technology

%1 (L %€ (9 %€ (S *%ET (¥ *%TT (€ “%0p (T %€ (1



8)

Match the English and Russian equivalents.

biodegradable 1) wuckonmaeMoe TOILUTUBO
vehicular pollution 2) noTpedIiTh SHEPruo
transverse waves 3) aBTOTpaHCIIOPTHEIE BEIOPOCH!
fossil fuel 4) cnocoOCTBOBATE PACIIPOCTPAHCHHUIO
to cause emission 5) nolepedHbIe BOJIHBI

ozone depletion 6) coBMecTHas BBIpaOOTKa
co-generation 7) noJIAOIIMKCS PARTIOKECHUIIO

to consume energy 8) wucTOIIeHNE 030HOBOTO CIIOS
civil engineering 9) B KOYIAX

in joules 10) rpakjaHCKOE CTPOUTENBCTBO
to measure energy 11) 6puraHckas TeroBas eJUHUIA
British thermal unit 12) u3mepsaTs SHEPruto

Match the terms with their definitions.

resources d) environment g) pollution
energy e) molecule h) renewable
consumption f) industry

a source of power;

a source of economic wealth, esp. of a country (mineral, land,
labour, etc.) or business enterprise (capital, equipment, person-
nel, etc.);

the natural world in which people, animals and plants live;

the process of using energy, food or materials;

that can be replaced naturally or controlled carefully and can
therefore be used without the risk of finishing it all;

the production of goods from raw materials, especially in factories;
the smallest unit, consisting of a group of atoms, into which
a substance can be divided;

the process of making air, water, soil, etc. dirty.

Active Vi lar

5.

Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

fossil fuel fuelwood global warming
biomass renewable source ozone depletion
natural gas coal deposit consumption



dung cake power exploitation
oil, crude oil hydropower capacity
solar energy biodegradable waste conversion
emission residue fuel cell
co-generation irrigation vehicular
ability

Verbs and verbal phrases

to define to occur to remain
to heat to harness to generate
to derive from to transform to exhaust
to reduce to increase to combine
to power

Adjectives

relevant conventional geothermal
tidal nuclear harmful
available

Adverbs

per capita significantly

extremely tremendously

Reading task: Text A

6. Answer the following question and read the text below to check your
answer.

What do we need energy for?

What is Energy?

Energy lights our cities, powers our
vehicles, and runs machinery in facto-
ries. It warms and cools our homes,
cooks our food, plays our music, and
gives us pictures on television.

Energy is defined as the ability or
the capacity to do work.

We use energy to do work and make
all movements. When we eat, our bod-
ies transform the food into energy to do
work. When we run or walk or do some

Fig. 2. Sources of energy
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work, we ‘burn’ energy in our bodies. Cars, planes, trolleys, boats,
and machinery also transform energy into work. Work means mov-
ing or lifting something, warming or lighting something. There are
many sources of energy that help to run the various machines in-
vented by man.

The discovery of fire by man led to the possibility of burning
wood for cooking and heating thereby using energy. For several
thousand years human energy demands were met only by renew-
able energy sources — sun, biomass (wood, leaves, twigs), hydel
(water) and wind power.

As early as 4000-3500 BC, the first sailing ships and windmills
were developed harnessing wind energy. With the use of hydropow-
er through water mills or irrigation systems, things began to move
faster. Fuelwood and dung cakes are even today a major source of
energy in rural India. Solar energy is used for drying and heating.

With the advent of the Industrial Revolution, the use of energy
in the form of fossil fuels began growing as more and more indus-
tries were set up. This occurred in stages, from the exploitation of
coal deposits to the exploitation of oil and natural gas fields. It has
been only half a century since nuclear power began being used as
an energy source.

In the past century, it became evident that the consumption of
non-renewable sources of energy had caused more environmental
damage than any other human activity. Electricity generated from
fossil fuels such as coal and crude oil has led to high concentra-
tions of harmful gases in the atmosphere. This has in turn led to
problems such as ozone depletion and global warming. Vehicular
pollution is also a grave problem.

There has been an enormous increase in the demand for energy
since the middle of the last century as a result of industrial devel-
opment and population growth. World population grew 3,2 times
between 1850 and 1970, per capita use of industrial energy in-
creased about twentyfold, and total world use of industrial and tra-
ditional energy forms combined increased more than twelvefold.

Due to the problems associated with the use of fossil fuels, al-
ternative sources of energy have become important and relevant in
today’s world. These sources, such as the sun and wind, can never
be exhausted and are therefore called renewable. Also known as
non-conventional sources of energy, they cause less emission and
are available locally. Their use can significantly reduce chemical,
radioactive, and thermal pollution. They are viable sources of clean
and limitless energy. Most of the renewable sources of energy are

7



fairly non-polluting and considered clean. However, biomass is a
major polluter indoors.

Renewable energy sources include the sun, wind, water, agri-
cultural residue, fuelwood, and animal dung. Fossil fuels are non-
renewable sources. Energy generated from the sun is known as so-
lar energy. Hydel is the energy derived from water. Biomass — fire-
wood, animal dung, and biodegradable waste from cities and crop
residues — is a source of energy when it is burnt. Geothermal ener-
gy is derived from hot dry rocks, magma, hot water springs, natural
geysers, etc. Ocean thermal is energy derived from waves and also
from tidal waves.

Through the method of co-generation a cleaner and less pollut-
ing form of energy is being generated. Fuel cells are also being
used as cleaner energy source.

Total commercial energy consumption has been growing tre-
mendously since the last decade. Per capita commercial energy
consumption in low-income countries have more than doubled.
About 15% of the world’s population living in the wealthy indus-
trialized nations consume over half the energy used in the world.
The number of motor vehicles in use worldwide has more than
doubled since 1970.

In some respects, the global energy system has evolved in a
cleaner direction in the last 25 years. The share of world primary
energy derived from natural gas — the cleanest fossil fuel — has in-
creased by more than 25%. So has the use and generation of re-
newable energy sources.

Still, the overall efficiency of energy production remains ex-
tremely low: on average, more than 90% of energy consumed is
lost or wasted in the process of conversion from raw materials such
as coal to the final energy service such as the light to read a book.
The main problem isn’t that we use energy, but how we produce
and consume energy resources. What we really need are energy
sources that will last forever and can be used without polluting the
environment. Conserving energy has become the need of the day
be it in the transport, household, or industrial sectors. [10]

Comprehension Check

7. Decide whether the following statements are true or false according
to the text.

1) The discovery of fire by man was the first step to use energy.
2) The very first energy sources were renewable.



3) The use of wind energy influenced the speed of moving.

4) Hydropower is a major source of energy in some countries.

5) Nuclear power has been used as an energy source for a century.
6) Vehicular pollution is considered to be a serious problem.

7) Industrial development and population growth results in in-

creasing demand for energy.

8) The sun, wind, water are non-renewable sources.
9) Hydropower is energy derived from waves.
10) The use and generation of renewable energy sources have in-

creased by more than 25%.

Complete the following sentences according to the text.

Energy is defined as ... .

Work means ... .

The consumption of non-renewable sources of energy causes ... .
Such sources as the sun and wind, can never be exhausted and
are therefore called ... .

Renewable energy sources include ... .

15% of the world’s population in developed countries consume ... .

Answer the following questions and give examples.

Why do we need energy?

When did people begin to use wind energy? Give the reason.
When did the use of energy in the form of fossil fuels begin
growing? Why?

Why have alternative sources of energy become important and
relevant in today’s world?

What are non-conventional energy sources?

Where is geothermal energy derived from?

What method was used to generate a cleaner and less polluting
form of energy?

What sources do we call non-renewable? Why?

What is the main problem we deal with nowadays?

What parts of the text can you define? Do they correspond to the
paragraphs? Name each part.




11. Write a summary of Text A'.

Language Focus

12. Match the synonyms.

1) to define a) need

2) to transform b) harm

3) various c) very

4) demand d) touse

5) to harness e) obvious

6) evident f) exhaustion

7) to generate g) to determine

8) damage h) different

9) depletion i) to change
10) extremely 1) to produce

13. Fillin the correct prepositions, then choose any five items and make up
sentences of your own.

1) to transform sth ... sth; 2) due ... the problem; 3) to be ... turn;
4) ... some respects; 5) to increase ... demand; 6) to increase ...
25%; 7) the demand ... energy; 8) ... average; 9) aresult ... devel-
opment; 10) need ... the day.

14. Form the nouns from the following verbs using suffixes -tion, -ment, -y.

to transform —... to convert — ...

to exploit —... to define —...

to consume —... to pollute — ...

to generate —... to industrialize —...
to emit — ... to develop —...

to discover —... to increase —...

to move —... to concentrate —-...

15. Translate the following text into English using the vocabulary of the text.

DHeprus — 3TO0 CIIOCOOHOCTH BHIIONHATH paboTy. DHEPTHUsA MO-
JKET HaXOAWUTHCS B JIFOASX U )KABOTHBIX, B KAMHSX U PacTCHUsX, B
HCKOIIA€MOM TOIUIMBE, B JCPEBBAX U BO3AYXE, B PEKAX U O3epax.
B HameM MHIyCcTpHAIFHOM OOIECTBE OT DHEPrHU 3aBHCHUT BCE.
C ee MOMOIIBIO MOXKHO 000TPeTh KUITHIIE U IPUBECTU B JICHCTBHE
KOHJTUIIMOHEPHI, OCBETUTH YAUIIEI. MUp HANIOJHEH SHEprueif, KoTo-

ISummary — a short statement (in 150 words) that gives only the main points
of something, not the details. [5]
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past MOXeT OBITh HCIIONIB30BaHA JIJIsl COBEPLICHUS paboTH Pa3HOro
xapakTepa. OJHaKO caMbIMK OOJIBIIUME pe3epByapaMiu HaKOILJICH-
HOU DHEePIruu ABISIIOTCS OKEaHB!l — OPOMHBIE MacChl OECIIPEpPBIBHO
[IePEeMEIIAONINXCS. BOJHBIX IIOTOKOB, [TOKPHIBAIOMIAX OK0O 71%
BCEH 36MHOM IIOBEPXHOCTH.

Qver to you

16. Discuss with your groupmates or in pairs:

1) link between Industrial Revolution and use of energy;
2) link between population growth and energy consumption.

Active Vocahulary

17. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

substance tension nucleus
fission cell phone motion
fusion reservoir petroleum
fireplace particle rarefaction
object dam wire
Verbs and verbal phrases

to compress to include to convert
to store to collide to transfer
to split to release to charge
Adjectives

stretched transverse dramatic
tiny longitudinal radiant

Reading Task: Text B

18. Answer the following question and read the text below to check
your answer.

What forms of energy do you remember from the course of Physics?

Forms of Energy

Energy is found in different forms including light, heat, chemi-
cal, and motion. There are many forms of energy, but they can all
be put into two categories: potential and kinetic.

11



Kinetic energy is motion — of waves, molecules, substances,
and objects. Forms of kinetic energy include:

« Radiant Energy is electromagnetic energy that travels in
transverse waves. Radiant energy includes visible light, x-rays,
gamma rays and radio waves. Light is one type of radiant energy.
Sunshine is radiant energy, which provides the fuel and warmth that
make life on the Earth possible.

o Thermal Energy, or heat, is the vibration and movement of
the atoms and molecules within substances. As an object is heated
up, its atoms and molecules move and collide faster. Geothermal
energy is the thermal energy in the Earth.

» Motion Energy is energy stored in the movement of objects.
The faster they move, the more energy is stored. It takes energy to
get an object moving and energy is released when an object slows
down. Wind is an example of motion energy. A dramatic example
of motion is a car crash, when the car comes to a total stop and re-
leases all its motion energy at once in an uncontrolled instant.

» Sound is the movement of energy through substances in lon-
gitudinal (compression/rarefaction) waves. Sound is produced
when a force causes an object or substance to vibrate — the energy
is transferred through the substance in a wave. Typically, the energy
in sound is far less than other forms of energy.

Potential energy is stored energy and the energy of position —
gravitational energy. There are several forms of potential energy:

» Chemical Energy is energy stored in the bonds of atoms and
molecules. Biomass, petroleum, natural gas, and coal are examples of
stored chemical energy. Chemical energy is converted to thermal energy
when we burn wood in a fireplace or burn gasoline in a car’s engine.

» Mechanical Energy is energy stored in objects by tension.
Compressed springs and stretched rubber bands are examples of
stored mechanical energy.

» Nuclear Energy is energy stored in the nucleus of an atom —
the energy that holds the nucleus together. Very large amounts of
energy can be released when the nuclei are combined or split apart.
Nuclear power plants split the nuclei of uranium atoms in a process
called fission. The sun combines the nuclei of hydrogen atoms in a
process called fusion.

» Gravitational Energy is energy stored in an object’s height.
The higher and heavier the object, the more gravitational energy is
stored. When you ride a bicycle down a steep hill and pick up

12




speed, the gravitational energy is being converted to motion energy.
Hydropower is another example of gravitational energy, where the
dam «piles» up water from a river into a reservoir.

o Electrical Energy is what is stored in a battery, and can be
used to power a cell phone or start a car. Electrical energy is deliv-
ered by tiny charged particles called electrons, typically moving
through a wire. Lightning is an example of electrical energy in na-
ture, so powerful that it is not confined to a wire. [7]

Comprehension Check

19. Complete the following sentences according to the text.

1) Energy is found in different forms including ...
2) All forms of energy can be put into two categories: ... and ...
3) Kinetic energy is ...
4y ... are forms of kinetic energy.
5) Sunshine provides ...
6) Geothermal energy is ...
7) The faster objects move, the more energy is ...
8) The energy in sound is far less than ...
9) Potential energy is stored energy and ...
10) Forms of potential energy include ...
11) Chemical energy is converted to thermal energy when we ...
12) Nuclear power plants split the nuclei of uranium atoms in a
process called ... . But the sun combines the nuclei of hydro-
gen atoms in a process called ...
13) The ... the object, the more gravitational energy is stored.
14) Electrical energy is delivered by ... called electrons.

20. Answer the following questions and give examples.

1) What are the main categories of energy?

2) What is potential energy?

3) What is kinetic energy?

4) When is chemical energy converted to thermal energy?

5) Fission and fusion are synonyms, aren’t they? Why? Why not?
6) What physical process happens when you ride a bicycle?

7) What is named «an electron»?

8) What makes life on the Earth possible?

13



9) As an object is heated up, its atoms and molecules move and
collide slower, don’t they? Why? Why not?
10) What is the least form of energy?

21. Fillin the table using the information from Text B.

Energ_y Forms of Definitions Examples
categories energy
kinetic radiant energy | ... visible light, x-rays,
energy gamma rays, radio
waves

thermal energy

is stored in

the movement

of objects
chemical biomass, coal, pe-
energy troleum, natural gas

is stored in

objects by

tension

hydropower, ...

electrical
energy

22. Choose the best abstract! for Text B.

a) The text under consideration is about energy. It dwells on the
usage and examples of different energy forms in nature.

b) The text deals with two categories of energy such as potential
and kinetic. The author gives the definitions of various forms
of energy and points out their examples.

¢) The examples of several energy forms are commented in the
text. The author also touches upon the difference between ki-
netic and potential energies.

I Abstract — a condensed version of a piece of writing, speech, etc. [5]

14



23. Find key words and phrases which best express the general meaning

of each paragraph.

24. Write a summary of Text B. Consult page 10.

Language Focus

25. Choose the contextual meanings of the words written in bold in Text B.

1. dramatic

a) pe3Kui c)

b) spxuii d)
2. torelease

a) IIycKarb c)

b) BBICBOOOXK AT d)
3. object

a) OOBEeKT c)

b) npemamer d)
4. to pick up

a) 3abupars c)

b) HaGuparsb d)
5. to pile up

a) CKallJIMBaTh c)

b) TpomMo3TUTH d)

JpaMaTUYHBINA
CyIIEeCTBEHHBIN

n30aBIATh
pa3beIHATE

1eNb
BeElIb

nonoupare
[IOJIHUMATH

HAPAIUBATH
pa3duts

. Combhine the words from the column on the left with the suitable nouns

from the column on the right. Translate them into Russian.

26

1) compressed a)
2) tiny b)
3) transverse c)
4) visible d)
5) total e)
6) uncontrolled 3]
27

instant
waves
springs
light
particles
stop

. Fill in the correct prepositions, translate the phrases, then choose any

three items and make up sentences of your own.

1) to put ... two categories; 2) to store ...

sth. ... tension; 3) the

examples ... sth.; 4) to convert ... sth.; 5) to burn gasoline ... a car’s

engine; 6) to ride a bicycle ...

a steep hill; 7) to make life ..

. the
15



Earth possible; 8) movement ... sth. ... substances; 9) ... once;
10) to deliver ... charged particles; 11) to transfer ... the substance.

Qver to you

28. Discuss with your groupmates or in pairs the examples of potential
and kinetic forms of energy from everyday life.

Active V lar

29. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

engineering range principle
environment option technology
branch device structure
installation quality expertise
qualification modification advance
service households equipment
ecosystem research department forefront
Verbs and verbal phrases

to cover to design to maintain
to link with to ensure to conduct
to influence to consider to achieve

to rely on to preserve to depend on
to construct to repair to recognize
to involve to focus on to manufacture

to be concerned with

Adjectives Adverb Preposition
senior ultimately prior to
imnovative

extensive

Reading Task: Texi C

30. Thefollowing textis in the jumbled order. Look at the plan of the text, read the
paragraphs and number them in the correct order according to the plan.

16



Energy Engineering
Plan:

1) What does an engineer do?

2) Some examples of jobs that engineers do.
3) Environmental engineer.

4) Renewable energy engineer.

5) Sounds interesting, so how do I get into it?

O Firstly, you need to consider whether you enjoy science and
mathematics subjects, because many engineering and technology
roles are based on science and mathematics principles. Depending
on what kind of job you would like, you will probably need qualifi-
cations in these subjects. Qualifications in ICT and design and
technology (D&T) are also extremely useful.

It may also be helpful to know that there are three nationally
(and internationally) recognized professional levels that you can
work towards. Each of these levels can be achieved by various
routes of study — going to university to study an engineering course
is just one of the many options available to you.

O The word ‘engineering’ is likely to make you think of things
like shipbuilding, ‘engineering works’ on the railway lines, or per-
haps the mechanic that services or repairs your washing machine
or car. In reality, engineering covers a far wider range of businesses
and industries; not only building and transport structures, but also
jobs in food, cosmetics, medicine and much more. Engineers work
in all kinds of environments. There are still many jobs in traditional
engineering sectors, but engineers are just as likely to work in of-
fices, laboratories or studios, or outdoors, in the air and under-
ground. Engineering today is closely linked with technology and
many engineering roles now rely heavily on technological devices
and the most recent technological advances.

O The quality of the land, air and water around us is becoming
increasingly important with the onset of climate change. Engineers
are at the forefront of preserving our planet and ensuring that mod-
ern technology is kind to the world in which we live. Being an en-
vironmental engineer might mean that you have a special interest
in ecosystems and biology, or other branches of engineering like
civil engineering (buildings, roads and structures). People who deal
in public health matters may also be environmental engineers,
helping to ensure that our world is preserved for humans as well as
for plants and animals.
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O Engineers are concerned with the production of energy
through natural resources such as the sourcing and use of wind,
solar and wave power. They are involved in developing and main-
taining power stations and the machinery used in alternative energy
sourcing and production e.g. biofuel sourced from crops. Energy
engineers construct equipment designed by engineering designers,
and conduct testing and make modifications prior to installation
and running. This involves extensive use of computer technology.
They may work for industry, university or government research de-
partments. They may hold senior positions, head up a team of en-
ergy engineers or have a key post in the team. Ultimately these en-
gineers are focused on finding efficient, clean and innovative ways
to supply energy to millions of households for years to come. Re-
newable energy is extremely important to the future of our planet
and that’s something that we’d all like to rely on.

O Engineers influence every aspect of modern life and it’s
likely that today you will have already relied on the expertise of
one or more engineers. Perhaps you’ve listened to an iPod? Or
watched television? Did you wash your hair today? Do you use a
bus on your way to the University? These have all been designed,
developed and manufactured by engineers. Here are some exam-
ples of where engineers work to get you started. [14]

Comprehension Check

31. Answer the following questions and give examples.

1) Where do engineers work?

2) Do engineers influence every aspect of life?

3) Environmental engineers have a special interest in ecosystems
and biology, don’t they? Why? Why not?

4) What are renewable energy engineers concerned with?

5) What are they involved in?

6) What do energy engineers construct?

7) Is computer technology extensively used in the engineers’
work? Give examples.

8) What are energy engineers focused on?

9) What principles are engineering and technology roles based on?

10) What are the three recognized professional levels?

32. Find key words and phrases which best express the general meaning
of each paragraph.

33. Write a summary of Text C. Consult page 10.
18



Language Focus

34. Choose the correct word.

As an engineer involved in energy production / manufacture,
you work on the extraction of oil / petroleum and gas, or on pro-
ducing energy from renewable / non-renewable or sustainable
sources such as wind power, solar power or biofuels.

You might / must work in a wide / narrow variety of energy
production roles, for example:

as a reservoir engineer, calculating how much oil or gas a
well / source will produce and planning how to extract as
much / little as possible

researching new ways of generating / converting energy
designing machinery / devices and developing ways of im-
proving existing processes

overseeing the drilling operations / acts on an offshore rig.

Your day-to-day tasks depend / focus on the type of project
you are involved in, but might include / achieve:

using mathematical and computer models / principles to
calculate the size and shape of a reservoir

deciding on the best locations for production wells to maxi-
mize / minimize profit

co-ordinating the work / job of a drilling team

designing and selecting equipment / structure

making sure oil or gas extraction meets environmental stan-
dards / qualifications

analysing drilling performance and factors affecting / modi-
fying cost and efficiency

working with other professionals such as / so geologists,
geophysicists and specialist contractors

carrying out laboratory experiments / researches and convert-
ing them into large-scale / small-scale industrial processes.

Over to you

35. Discuss with your groupmates or in pairs the job of a renewable energy
engineer. You may use the keys below.

Keys:

» The work of a renewable energy engineer is concerned with ...
» They are involved in ...
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» They also construct ... and conduct ...
» An energy engineer may work for ...
» Ultimately an engineer is focused on ...

Language Development

36. Match technical fields with appropriate examples of products.

Technical field Products
1) marine engineering a) the road surface of a bridge
2) transport engineering b) flat surface of a skateboard

3) building and construction ¢) cement area around a
swimming pool

4) civil engineering d) computer game console
5) sports technology e) flight deck

6) aerospace f) afloor of a ship

7) electronics g) alevel of a bus

8) IT, entertainment industry  h) component of music system

37. What do the following mean? Are these abbreviations of metric or non-
metric measures?

Gm k> © D
w > @ D

m @D @ G
D)

Example: km = kilometre (metric)

It’s important to know

38. Read the following text and fill in the words from the list below.
a) energy d) lived g after

b) amount e) coffee h) system
¢) joules ) alled
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How Energy is Measured

One of the basic measuring blocks for energy is 1)

a Btu or British thermal unit. Btu is defined as the amount of heat
energy it takes to raise the temperature of 1 pound of water by 1
degree Fahrenheit, at sea level. One Btu equals about one black-tip
kitchen match. It takes about 2000 Btu to make a pot of
2) .

Energy can also be measured in 3) (pronounced the
same way as ‘ jewels’). One joule is the 4) of energy
needed to lift 1 pound about 9 inches. It takes 1000 joules to equal
a Btu. It would take 2 million joules to make a pot of coffee.

Joule is named 5) an English physicist James Prescott
Joule who 6) from 1818 to 1889. He discovered that heat
is a type of 7)

Around the world, scientists measure energy in joules rather
than Btu. It is much like people around the world using the metric
8) , metres and kilograms. Like in the metric system, you
can have kilojoules: ‘kilo’ means 1000, therefore, 1000 joules =
1 kilojoule = 1 Btu. [1]

Follow Up

39. Read the texts of Unit | again and make notes under the following
headings. Then use your notes to talk about Energy and Energy
Engineering.

1) The definition of energy.

2) Sources of energy.

3) Potential and kinetic energies.
4) The work of an energy engineer.



REVIEW
Check Your Knowledge

1. Choose the best option.

1) There are two forms of energy: ...
a) electrical and mechanical
b) chemical and thermal
¢) kinetic and potential
2) Oil and natural gas are ...
a) renewable
b) non-renewable
¢) non-conventional
3) The cleanest fossil fuel is ...
a) oil
b) natural gas
¢) coal
4) Energy of position is ... energy
a) gravitational
b) mechanical
¢) motion
5) Large amounts of energy can be released when the nuclei are ...

a) combined
b) split apart
c) combined or split apart
6) Sound is the movement of energy ...

a) over an object
b) through substances
¢) in an object or substance

7) Renewable energy engineers ...

a) help to ensure that our world is preserved for humans
b) are focused on finding clean, innovative ways to supply energy
¢) work in building and transport structures

2. Fillin the gaps.

1) The is responsible for every in the factory. (en-
gineering / engineer / engine)
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2)
3)
4)

5)

The lab repairs all the equipment on the rig.
(technician / technological / technology)

The repairs all the equipment on the rig. (elec-
trician / electrical / electricity)

power plants split the of uranium atoms in a
process called fission. (nuclear / nucleus / nuclei)

90% of energy is lost that’s why the main problem is
how we produce and energy resources. (consumption /
consume / consumed)

Translate these phrases into English.

Bo300HOBIIsIEMble HCTOUHUKK DHEPrUH; IPUPOJHBIE HCKOIlae-

MBIC; Bpell OKpyarolieil cpejie; HoTpeOieHHe DHEPruy COJNHIA,
IIPOMBIIIUICHHOE PA3BUTHE; BETPSHBIC MEJIBHHUII, JIyducTas dHep-
rus; JBIDKCHUE MOJICKYII; aTOMBI BOAOPOJA; BIUATH Ha BCe cepshl
COBPEMECHHOM JKU3HU; TeXHUYECKHUE YCTPOUCTBA; METpUUeCcKas CH-
CTEMa; HCCIIeIOBAHNE MECTOPOKICHNS HedTH; yBENNUeHNE OTpeO-
HOCTH; 3arpsA3HEHNE TPAHCIIOPTHBIME CPEACTBAMH; 3aJISKHU YIIIs; B
CpeHeM; IPaXKJIAHCKOE CTPOUTEIILCTBO; NCCIIEI0BATENBCKUH 0T Ie].

Write these numbers and units in abbreviations. Fill in the table below
according to what they measure.

5 kilometres — ... 6) 500 feet—...

250 kilograms — ... 7) 12 tonnes — ...

0° Celsius — ... 8) 15 metres— ...

10 miles — ... 9) 160° Fahrenheit — ...
40 litres — ... 10) 3 gallons — ...

Length Weight Capacity Temperature




W | UNITII

| TRADITIONAL SOURCES OF ENERGY

Start here

1. Read the following international words and mind the stressed
syllables.

boiler factor material

occasionally energy industrial

engine civilization revolution

eurbines construct compact

generate permanent effective

popularity structure distance

2. Match the English and Russian equivalents.

a) flammability 1) nomamHuit ouar

b) boiling point 2) OeTOHHAs MPOMBINIICHHOCTH

¢) byproduct 3) CXKMKEHHBIN IPHUPOIHBINA ra3

d) heart 4) TOUKA KUIICHUS

e) rural area 5) 1OOOUHBIN IIPOLYKT

f) conveyer belt 6) BOCILIAMEHIEMOCTH

g) concrete industry 7) cenbcKas MECTHOCTH

h) liquefied natural gas 8) TpaHCHIOpTEpHAas JIEHTa

i) coal reserves 9) TeroTBOPHAs CIIOCOOHOCTH

1) heating value 10) 3amacer yrius

3. Match the terms with their definitions.

a) petroleum d) natural gas g) charcoal

b) the draft e) boiler h) sustainable

c) barrel f)  mining i) stove

1) the amount of air allowed to reach the fire;

2) rock oil or oil from the Eearth;

3) a household device providing a hot-water supply or serving a
central heating system;

4) an apparatus for cooking and heating that operates by burning
fuel or using electricity;

5) a black amorphous form of carbon made by heating wood or

24

other organic matter in the absence of air: used as a fuel, in
smelting metal ores, in explosives, and as an absorbent;



6)
7)
8)

9)

capable of being maintained at a steady level without exhaust-
ing natural resources or causing severe ecological damage;

the act, process, or industry of extracting coal, ores, etc., from
the Earth;

a unit of capacity used in the oil and other industries, normally
equal to 42 US gallons or 35 Imperial gallons;

flammable gas, consisting largely of methane and other hydro-
carbons, occurring naturally underground (often in association
with petroleum) and used as fuel.

Active Vocahulary

4.

Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

charcoal campfire exhaustion
sawdust stove masonry heater
quantity bonfire thermal mass
application convection draft

furnace hearth ash
soapstone heat exchanger causticity
combustion purpose tile

Verbs and verbal phrases

to disintegrate to resemble to escape
Adjectives

concurrent portable refractory
incomplete freestanding

Reading Task: Text A

1)
2)

Answer the following questions and read the text below to check your
answers.

What do you think was the very first source of energy for people?
How long have people been using wood as a fuel?
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Wood Fuel

Wood fuel is wood used as fuel. The burning of wood is cur-
rently the largest use ofenergy derived from a solid fuel biomass.
Wood fuel can be used for cooking and heating, and occasionally
for fueling steam engines and steam turbines that generate electri-
city. Wood fuel may be available as firewood (e.g. logs, blocks),
charcoal, chips, sheets, and sawdust. The particular form used de-
pends upon factors such as source, quantity, quality and application.
Wood may be sent into a furnace to be burned, stove, fireplace, or in
a campfire, or used for a bonfire. Wood is the most easily available
form of fuel, and it is a renewable source of energy.

The use of wood as a fuel source for heating is as old as civili-
zation itself.

Early examples include the use of wood heat in tents. Fires
were constructed on the ground, and a smoke hole in the top of the
tent allowed the smoke to escape by convection.

In permanent structures and in caves, hearths were constructed —
surfaces of stone or another noncombustible material upon which a
fire could be built. Smoke escaped through a smoke hole in the roof.

The Greeks, Romans, Celts, Britons, and Gauls all had access
to forests suitable for using as fuel.

Total demand for fuel increased considerably with the indus-
trial revolution but most of this increased demand was met by the
new fuel source. Coal, which was more compact and more suited
to the larger scale of the new industries.

The development of the chimney and the fireplace allowed for
more effective exhaustion of the smoke. Masonry heaters or stoves
went a step further by capturing much of the heat of the fire and
exhaust in a large thermal mass, becoming much more efficient
than a fireplace alone.

The metal stove was a technological development concurrent
with the industrial revolution. Stoves were manufactured or con-
structed pieces of equipment that contained the fire on all sides and
provided a means for controlling the draft. Stoves have been made
of a variety of materials: cast iron, soapstone, tile, and steel. Metal
stoves are often lined with refractory materials such as firebrick,
since the hottest part of a woodburning fire will burn away steel
over the course of several years’ use.

The Franklin stove was developed in the United States by Ben-
jamin Franklin. More a manufactured fireplace than a stove, it had
an open front and a heat exchanger in the back that was designed
to draw air from the cellar and heat it before releasing it out the
sides. So-called «Franklin» stoves today are made in a great vari-
ety of styles, though none resembles the original design.
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The 1800s became the high point of the cast iron stove. Each
local foundry would make their own design, and stoves were built
for myriads of purposes — parlour stoves, camp stoves, railroad
stoves, portable stoves, cooking stoves and so on. Wood or coal
could be burnt in the stoves and thus they were popular for over one
hundred years. The action of the fire, combined with the causticity
of the ash, ensured that the stove would eventually disintegrate or
crack over time. Thus a steady supply of stoves was needed. The
maintenance of stoves, needing to be blacked, their smokiness, and
the need to split wood meant that oil or electric heat found favour.

In the 19th century the airtight stove, originally made of steel,
became common. They allowed greater control of combustion, be-
ing more tightly fitted than other stoves of the day.

Use of wood heat declined in popularity with the growing
availability of other, less labor-intensive fuels. Wood heat was
gradually replaced by coal and later by fiel oil, natural gas and pro-
pane heating except in rural areas with available forests.

Today in rural, forested parts of the U.S., freestanding boiler-
sare increasingly common. They are installed outdoors, some dis-
tance from the house, and connected to a heat exchanger in the
house using underground piping. The mess of wood, bark, smoke,
and ashes is kept outside and the risk of fire is reduced. The boilers
are large enough to hold a fire all night, and can burn larger pieces
of wood, so that less cutting and splitting is required. However,
outdoor wood boilers emit more wood smoke and associated pol-
lutants than other wood-burning appliances. This is due to design
characteristics such as the water-filled jacket surrounding the fire-
box, which acts to cool the fire and leads to incomplete combus-
tion. An alternative that is increasing in popularity are wood gasifi-
cation boilers, which burn wood at very high efficiencies (85-91%)
and can be placed indoors or in an outbuilding.

As a sustainable energy source, wood fuel is still used today
for cooking in many places, either in a stove or an open fire, in
many industrial processes, including smoking meat and making
maple syrup, it also remains viable for generating electricity in ar-
eas with easy access to forest products and by-products. [8]

Comprehension Check

6. Decide whether the following statements are true or false according to
the text.

1) Wood fuel can be used for cooking and heating, but can not be
used for fueling steam engines.
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1)
2)
3)
4)
5)

7)
8)

Early examples include the use of wood heat near tents.

Total demand for fuel increased considerably with the indus-
trial revolution.

This increased demand was met by the new fuel source, Oil.
Stoves have been made of metal materials only.

«Franklin» stoves aren’t made today.

Wood gasification boilers can be placed indoors or in an out-
building.

Wood fuel remains viable in areas with easy access to forest.

Put the following sentences in the correct order according to the text.

__ The Greeks, Romans, Celts, Britons, and Gauls all had ac-
cess to forests suitable for using as fuel.

~ Today in rural, forested parts of the U.S., freestanding
boilers are increasingly common.

~ So-called «Franklin» stoves today are made in a great va-
riety of styles.

~ Masonry heaters or stoves went a step further becoming
much more efficient than a fireplace alone.

~ The 1800s became the high point of the cast iron stove.
_ The metal stove was a technological development concur-
rent with the industrial revolution.

~In the 19th century the airtight stove, originally made of
steel, became common.

~_ Most of total demand for fuel was met by the new fuel
source, coal.

Answer the following questions.

What is wood fuel?

What can wood fuel be used for?

What does the particular form of wood fuel used depend upon?
Is wood a renewable or non-renewable source of energy?
What is the earliest example of the use of wood as a fuel
source?

What allowed more effective exhaustion of the smoke?

What materials have stoves been made of?

Where was the Franklin stove developed? What is its char-
acteristic?

What were stoves built in the 1800s for?

What type of stoves became popular in the 19% century?
Why did the use of wood heat decline in popularity?

Is it still used today? Where?



9. Translate the italicized passage (see page 27) in written form paying
attention to the Participles.

10. Divide the text into logical parts and make an oral report on the text
according to the plan below.

Plan:

1. The Title

I’ve read the text (article, story) entitled...
I’d like to tell you about the text (article, story) entitled ...

2. The Source

This is an article (story, text) published in the newspaper (maga-
zine, book) ...

3. The Author
The author of the text is ..., a famous writer (journalist, scientist).

4. The Idea

The main idea of the text (article, story) is to show (to prove, to
underline, to convince)...

5. The Subject

The text deals with ...
The text describes (gives information about)...

6. The Content

The text (story, article) starts with the fact (with the description of,
with the characteristic of)...

Then the author describes ...

After that the author touches upon the problem of ...

Next the author deals with the fact (the problem)...

Besides the author stresses that ...

Finally the author comes to the conclusion that...

7. Your Attitude

My attitude to the article (story, text) is contradictory (complicated,
simple).

On the one hand I agree that...

On the other hand I can’t agree that ...

I’ve learned a lot of interesting (important, new) facts (informa-
tion, things) from the text.

It makes us think of...

It gives us food for thoughts.

It proves the idea (the theory, the point of view, the opinion) ...
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It can help us in self-education (in solving our problems).
I’d like to cite the author (to make a quotation).

8.

Your Advice

So in my opinion it is (not) worth reading...

Qver to you

11. Discuss with your groupmates or in pairs why coal and wood are
considered to be traditional sources of energy.

12. Choose the contextual meanings of the words written in bold in Text A.

Language Focus
1. particular
a) peaxui
b) nugHBIN
2. example
a) Impumep
b) mwunrocTpanys
3. to design
a) IUIAHUPOBATH
b) mpenHasHavarh
4. maintenance
a) cojepKaHue
b) coxpanenue
5. characteristic
a) 0CODEHHOCTH
b) xauectBO
13. Match the opposites.
1) permanent
2) to construct
3) toincrease
4) to release
5) popular
6) to combine
7) common
8) rural
9) toreduce

¢)
d)

c)
d)

¢)
d)

¢)
d)

¢)
d)

a)
b)
c)
d)
e)
f)
2)
h)
i)

0COOBIH
YaCTHBIHN

obpasen
DK3EMILIAP

KOHCTPYHUPOBATh
IIPOEKTHUPOBATh

MIOJI/IePIKKA
SKCILTy ATl

IIPU3HAK
CBOUCTBO

unusual

to separate
to raise

to draw in
urban

to destroy
temporary
unknown
to decrease



14. Form the verbs from the following nouns.

application —... development —... equipment —...
construction —-... exhaustion —... variety —...
convection —... heater —... maintenance —...

15. Unjumble the words.

Model: veots — stove

1) sabsmoi —... 4) noitailizeiv —...  7) yrstduni —...
2) ebnirtu —... 5) trachh —... 8) eboril —...
3) yticirtleec —-... 6) ecplaerif —... 9) eyihcnm —-...

16. Translate the following words and phrases into English using the
vocabulary of the text.

BripabarsiBaTh JJIEKTPUYECTBO, KallUTAIBHBIC COOPYXKEHU,
obmuii 06beM CIpoca, HETOPIYHNH MaTepHall, IPOMBIIILICHHAs pe-
BOJIONNSA, d(PPEKTUBHOE BHITATHBAHKE, KUPIUYHAS [I€Yb, TEXHU-
YyecKoe pasBUTHE, CII0CO0 YIIpaBIeHUs TArOH, OTHEYIIOpHEI Mare-
puall, IPOMBIIUICHHAs TOIIKa, PasHOOOpasHble LIEIH, 3aCIy)KUIIU
G1aroCcKIOHHOCTB, FepMeTHYECKasd 11eUb, TPYLOEMKOE roproiee, aB-
TOHOMHEIH KoTe (6oiisep), TerooOMeHHIK, BOJIOHATIMBHAS 001 -
IIOBKA, DKOJIOTHYECKH YCTONUNBEIM HCTOUHUK DHEPIUH.

I’s important to know

17. Read the fext translating the words in brackets and answer the
questions below the text.

Energy Content

A common (dpegecuna meepdvix nopoo), red oak, has an ener-
gy content of 14,89 megajoules per kilpgram (6,388 BTU per
pound), and 10,423 megajoules recoverable if burned at 70% (3¢h-
hexmusrnocms).

The Sustainable Energy Development Office (SEDO), part of
the Government of Western Australia (ymesepowcoaem) that the ener-
gy content of wood is 16,2 megajoules per kilogram (4,5 kWh/kg).

According to The Bioenergy Knowledge Centre, the energy
content of wood is much more dependent on the moisture (codep-
arcanue) than the species. The (snepeemuueckuii) content (number
of joules of (menno) produced) improves towards the total number
of joules stored in the wood as it dries. [10]
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1)
3)

What is the energy content of a common hardwood?

What is the energy content of wood according to SEDO?
What is the energy content of wood dependent on according to
The Bioenergy Knowledge Centre?

Active V lar

18. Give Russian equivalents of the following words and phrases. Try to

memorize them.

sedimentary rock
dead plants

top layer

coke

sulfur

methanol

deposit

steam

synthetic fibers
preparation plant

to trap

to compose of
to mine

to ship

Adjectives

swampy
crumbly

Reading Task: 7ext B

Nouns and noun phrases

carbon
hydrocarbon
content
anthracite
lignite

tar

moisture
flexibility
reserves
iron ore

Verbs and verbal phrases

to create

to contain

to be subjected to
to bake

bituminous
subbituminous

pressure

remains

ethylene

depth

heating value

raw material
surface mining
underground mining
conveyer belt
power plant

to sink

to account
to process
to smelt

abundant
expensive

19. Answer the following question and read the text below to check

your answer.

1) Is coal a renewable source of energy?
2) What are the main ranks of coal?
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Coal

Coal is a combustible black or brownish-black sedimentary
rock composed mostly of carbon and hydrocarbons. Coal is a non-
renewable energy source because it takes millions of years to cre-
ate. The energy in coal comes from the energy stored by plants that
lived hundreds of millions of years ago, when the Earth was partly
covered with swampy forests.

For millions of years, a layer of dead plants at the bottom of
the swamps was covered by layers of water and dirt, trapping the
energy of the dead plants. The heat and pressure from the top lay-
ers helped the plant remains turn into what we today call coal
(see Fig. 3).

WATER
100 miillion years ago

SWAMP
300 million years ago

Rocks & Dirt

Dead Plants

Fig. 3. How coal was formed.

Coal is classified into four main types, or ranks (anthracite, bi-
tuminous, subbituminous, and lignite), depending on the amounts
and types of carbon it contains and on the amount of heat energy it
can produce. The rank of a deposit of coal depends on the pressure
and heat acting on the plant debris as it sank deeper and deeper
over millions of years.

o Anthracite contains 86-97% carbon, and generally has a
heating value slightly higher than bituminous coal. It accounts for
less than 0,5% of the coal mined in the United States.

» Bituminous coal contains 45-86% carbon. Bituminous coal
was formed under high heat and pressure. Bituminous coal in the
United States is between 100 to 300 million years old. It is the most
abundant rank of coal found in the United States. Bituminous coal
is used to generate electricity and is an important fuel and raw ma-
terial for the steel and iron industries.

» Subbituminous coal has a lower heating value than bitumi-
nous coal. It typically contains 35-45% carbon. Most subbitumi-
nous coal in the United States is at least 100 million years old. About
46% of the coal produced in the United States is subbituminous.
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» Lignite is the lowest rank of coal with the lowest energy
content. Lignite coal deposits tend to be relatively young coal de-
posits that were not subjected to extreme heat or pressure, contain-
ing 25-35% carbon. It is crumbly and has high moisture content.

Coal miners use giant machines to remove coal from the ground.
They use two methods: surface or underground mining. Modern
mining methods allow us to easily reach most of our coal reserves.

Surface mining is used to produce most of the coal in the US be-
cause it is less expensive than underground mining. Surface mining
can be used when the coal is buried less than 200 feet underground.

Underground mining, sometimes called deep mining, is used
when the coal is buried several hundred feet below the surface.
Some underground mines are 1,000 feet deep.

After coal comes out of the ground, it typically goes on a con-
veyor belt to a preparation plant that is located at the mining site.
The plant cleans and processes coal to remove other rocks and
dirt, ash, sulfur, and unwanted materials, increasing the heating
value of the coal.

After coal is mined and processed, it is ready to be shipped to
market.

Coal is used to create almost half of all electricity generated in
the US. Power plants burn coal to make steam. The steam turns
turbines that generate electricity.

A variety of industries use coal’s heat and by-products. Sepa-
rated ingredients of coal (such as methanol and ethylene) are used
in making plastics, tar, synthetic fibers, fertilizers, and medicines.

Coal is also used to make steel. Coal is baked in hot furnaces
to make coke, which is used to smelt iron ore into iron needed for
making steel. It is the very high temperatures created from the use
of coke that gives steel the strength and flexibility for things like
bridges, buildings, and automobiles. The concrete and paper indus-
tries also use large amounts of coal. [§8]

Comprehension Check

20. Finish the following sentences according to the text.

1) Coalis composed of ...
2) The energy in coal comes from the energy ...
3) Alayer of dead plants was covered by ...
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The rank of a deposit of coal depends on ...

Bituminous coal contains ...

... is the lowest rank of coal with the lowest energy content.
Lignite coal deposits were not subjected to ...

Coal miners use giant machines ...

Surface mining can be used when the coal is buried ...
Underground mining is used when the coal is buried ...

21. Decide whether the following statements are true or false.

1)
2)

3)
4)
5)
6)
7)
8)

9)
10)

Coal is an inflammable black or brown sedimentary rock.

The pressure and heat from the top layers helped the plant re-
mains turn into coal.

Bituminous coal formed about 100 to 300 million years ago is
the least widespread rank of coal in the US.

Bituminous coal has a higher heating value than subbitumi-
nous coal.

Lignite is a relatively young coal deposit.

Surface mining is cheaper than underground mining.

Rocks and dirt, sulfur and unwanted materials are removed
from coal at a preparation plant.

Coal is burnt by power plants to make steam.

Coke is used for smelting iron ore into iron.

The strength and flexibility are given to steel by the use of
coke.

22. Answer the questions and give examples.

1)
2)
3)
4)

5)
6)

7)
8)
9)
10)

Why is coal a nonrenewable energy source?

What does the classification of coal depend on?

How much carbon does anthracite contain?

Do the steel and iron industries use bituminous coal? Why?
Why not?

How much carbon does subbituminous contain?

What type of coal is crumbly and has a high moisture con-
tent?

What are the two methods of mining?

What is done at the plant?

When is coal ready to be shipped to market?

How is coke made?
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23. Fillin the following table and answer the questions below.

. Quantity .
Typelof Quanlt)l ty of mined in He;ltlil:g Pecularities
coa carbon the US v
Anthracite the highest
about 50 %
100 mln
years old
25-35%
1) What type of coal is the most valuable? Why?
2) What type of coal is the most widespread in the USA?
24. What parts of the text can you define? Do they correspond to the
paragraphs? Name each part.
1. 4.
2. 5.
3.
25. Find key words and phrases which hest express the general meaning
of each part.
26. Write a summary of Text B. Consult page 10.
Over to you

27. Discuss with your groupmates or in pairs what ranks of coal are mined
in Belarus. (Find out additional information).

Language Focus

28

a) tohold—... e)
b) dueto-—... f)
c) type—... g)
d) toachieve —... h)

to aid — ...

to utilize — ...
to permit — ..
to place — ...

. Find in the text the synonyms of the following words.

1) formation — ...
j) to transform — ...
k) toexpose — ...
1) toarrange— ...



29. Find in the text the opposites of the following words.
a) renewable— ... e) new — ...
b) top—... f) surface — ...
¢) dry—... g) high—...
d) ancient — ... h) tiny —...
30. Fill in the table with the derivatives.
Noun Verb Adjective
to combust
storage
dependent
classified
to contain
deposit
to deepen
valuable
to form
generation
usage
producible
to moisten
removal
mining
allowable
creation
to strengthen
flexible
pressure
to clean
31. Combine the words from the column on the left with the suitable nouns
from the column on the right. Translate them into Russian.
1) sedimentary a) plants
2) nonrenewable b) rock
3) swampy ¢) value
4) dead d) layer
5) top e) forests
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6) plant
7) heat
8) heating
9) abundant
10) raw
11) moisture
12) deep
13) giant
14) coal
15) iron
16) hot

32. Fillin the correct prepositions, translate the phrases, then choose any
five items and make up sentences of your own.

1) to be composed  sth.; 2) to come  the energy; 3) to cover
__sth.; 4y to turn  sth.; 5) to classify  sth,; 6) to depend
__sth.; 7) to account __ 0,5%; 8) to form  high pressure;
9)  least; 10) to subject  extreme heat; 11) to locate  the
mining site; 12) to remove coal  the ground; 13) to ship

energy
energy source
rank

remains
materials
mining
machines
reserves
content
furnaces

ore

market; 14) to bake  hot furnaces; 15) to smelt sth.  sth.

Active Vocahulary
33. Give Russian equivalents of the following words and phrases. Try to
memotrize them.
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Nouns and noun phrases

diatom

liquid
measurement
tools
ammonia
barrel

diesel

silt

sample

crayon

drilling

pipe

dishwashing liquid
refinery

plastics

Verbs and verbal phrases

to explore
to reconfigure

to house
to occupy

heart valve
propane
derrick
treatment
molecule
pipeline
tire



Adjectives Adverbs

smelly essentially
selectively
freely

Reading Task: Text C

34. Answer the following question and read the text below to check your
answer.

Where do we use oil in everyday life?
oil

Oil was formed from the remains of animals and plants (dia-
toms) that lived millions of years ago in a water environment be-
fore the dinosaurs. Over millions of years, the remains of these ani-
mals and plants were covered by layers of sand and silt. Heat and
pressure from these layers helped the remains turn into what we
today call crude oil (see Fig. 4).

OCEAN OCEAN
300-400 million years ago 591 00 rplllloq years ago

e, apr D v Sand & Silt
/ \‘ ﬁ Sand & Silt

Rock

Plant & Animal Remains

Fig. 4. Petroleum & natural gas formation

Crude oil is a smelly, yellow-to-black liquid and is usually
found in underground areas called reservoirs. Scientists and engi-
neers explore a chosen area by studying rock samples from the
earth. Measurements are taken, and, if the site seems promising,
drilling begins. Above the hole a derrick is built to house the tools
and pipes going into the well. When finished, the drilled well will
bring a steady flow of oil to the surface.

Crude oil is called «sweet» when it contains only a small
amount of sulfur and «soury if it contains a lot of sulfur. Crude oil
is also classified by the weight of its molecules. «Light» crude oil
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Other Distillates 5o y
(heating oil)-1 .38\
Heavy Fuel Oil w

(Residual cil)-1.68
> St Produe -1

Liquefied yd
Petroleum Gases
(LPG)-1.72 Gasoline - 18.58

—

Fig. 5. Products made from a barrel
of crude oil (Gallons)

flows freely like water, while
«heavy» crude oil is thick like tar.
Crude oil is measured in barrels
(bbls).

The world’s top five crude oil-
producing countries are Russia,
Saudi Arabia, United States, Iran,
China.

After crude oil is removed
from the ground, it is sent to a re-
finery by pipeline, ship, or barge. A
typical refinery costs billions of dol-
lars to build and millions more to

maintain. A refinery runs 24 hours a
day, 365 days a year and requires a large number of employees to
run it. A refinery can occupy as much land as several hundred foot-
ball fields.

At a refinery, different parts of the crude oil are separated into
useable petroleum products. Essentially, refining breaks crude oil
down into its various components, which then are selectively re-
configured into new products (see Fig. 5). All refineries perform
three basic steps: separation, conversion and treatment.

One barrel of crude oil, when refined, produces about 19 gal-
lons of finished motor gasoline, and 10 gallons of diesel, as well as
other petroleum products. Most petroleum products are used to
produce energy, to move merchandise and people, help make plas-
tics, and do many other things. For instance, many people across
the United States use propane to heat their homes.

Other products made from petroleum include ink, crayons,
bubble gum, dishwashing liquids, deodorant, eyeglasses, CDs and
DVDs, tires, ammonia, heart valves. [§]

Comprehension Check
35. Complete the following sentences according to the text.

1) Oil was formed from ...

2) Scientists and engineers explore a chosen area by ...
3) Crude oil is called «sweet» when it contains ...

4) Crude oil is also classified by ...
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1)

2)
3)
4)
5)

6)

37.

1)
2)

4)
5)
6)

8)

38.

34.

40.

«Lighty» crude oil flows ..., while «heavy» crude oil is ...
After crude oil is removed from the ground, it is sent to ...
A refinery runs ...

One barrel of crude oil, when refined, produces ...

Decide whether the following statements are true or false according to
the text.

For years the remains of animals and plants were covered by
layers of fine rocks.

Tools and pipes are housed in a derrick.

Crude oil is called «soury if it contains a small quantity of sulfur.
A refinery is larger than a football field.

At a refinery, various parts of the crude oil are joined into use-
able petroleum products.

Propane is used by many Americans to heat their homes.

Answer the following questions and give examples.

What helped the remains to turn into crude oil?
Where is crude oil usually found in?

When does drilling begin?

What is crude oil measured in?

What are the main crude oil-producing countries?
What are the steps performed at all refineries?
What are most petroleum products used for?
What do products made from petroleum include?

What parts of the text can you define? Do they correspond to the
paragraphs? Name each part.

Find key words and phrases which best express the general meaning
of each part.

Write a summary of Text C. Consult page 10.
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41. Make a presentation on the oil processing at a refinery. Find out

additional information.

Language Focus

42. Unjumble the words.

Model: iol — oil

urdce —...
ylare —...
gtinh —...
idesle —...
mriean —...

43. Match the synonyms.

1) layer

2) live

3) explore
4) hole

5) sweet
6) instance
7) heavy
8) move
9) separate
10) break
11) perform
12) produce
13) water
14) steady

dliugi —...
lewl —...
ipep —-...
yinreref —...
tanimain —-...

allong —...
uslufr —...
rarelb —...
leumetrop —...
cdriker —...

exist
low-sulfur
split

shift
opening
create
investigate
stratum
weighty
conduct
isolate
example
marine
stable

44. Combine the words from the column on the left with the suitable nouns
from the column on the right. Translate them into Russian.

crude
smelly
rock
drilled
small

a)
b)
¢)
d)
¢)

well
countries
liquid
components
samples



6) producing f) wvalves

7) petroleum g) oil

8) various h) products
9) motor 1) amount
10) heart j) gasoline

45. Form the nouns from the following verbs.

to refine — ... to form —...

to measure —... to produce —...
to separate —... to require —...
to convert —... to perform —. ..
to treat — ... to house —...

to employ —... to maintain —...
to explore — ... to choose —...
to study —... to promise —...

46. Fill in the correct prepositions, translate the phrases, then choose any
three items and make up sentences of your own.

1) to be formed  the remains  animals and plants; 2) to live
~water environment; 3) to find  underground areas; 4) to
bring a steady flow  oil the surface; 5) to classify  the
weight of molecules; 6) to measure  barrels; 7) to send  a
refinery  pipeline; 8) a large number  employees; 9) to oc-
cupy  muchland  several football fields; 10) to separate
useable products; 11)  well  ; 12) to be made  petroleum.
Active Vocabulary

47. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

well limestone mantle
vapor strata flammability
convenience byproduct tanker
illuminant

Verbs and verbal phrases

to theorize
to issue
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Adjectives

liquefying decaying primordial
calorific ignited extensive
pressurized feasible cryogenic
Adverbs

separately

48. Answer the following guestion and read the text below to check your
answer.

Why is natural gas the most popular source of energy nowadays?

Natural Gas

Natural gas is a natural mixture of gaseous hydrocarbons
found issuing from the ground or obtained from specially driven
wells. The composition of natural gas varies in different localities.
Its chief component, methane, usually makes up from 80% to 95%,
and the balance is composed of varying amounts of ethane, pro-
pane, butane, and other hydrocarbon compounds. Some of the hy-
drocarbons found in gasoline also occur as vapors in natural gas;
by liquefying these hydrocarbons, gasoline can be obtained.

Although commonly associated with petroleum deposits it also
occurs separately in sand, sandstone, and limestone deposits. Some
geologists theorize that natural gas is a byproduct of decaying
vegetable matter in underground strata, while others think it may
be primordial gases that rise up from the mantle. Because of its
flammability and high calorific value, natural gas is used exten-
sively as an illuminant and a fuel.

Natural gas was known to the ancients but was considered by
them to be a supernatural phenomenon because, noticed only when
ignited, it appeared as a mysterious fire bursting from the ground.
One of the earliest attempts to harness it for economic use oc-
curred in the early 19th cent. in Fredonia, N.Y. Toward the latter
part of the 19th cent., large industrial cities began to make use of
natural gas, and extensive pipeline systems have been constructed
to transport gas.

Liquefied natural gas, or LNG, is natural gas that has been
pressurized and cooled so as to liquefy it for convenience in ship-
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ping and storage. The boiling point of natural gas is extremely low,
and only in the 1970s did cryogenic technology advance enough
to make the production and transport of LNG commerically feasi-
ble. Some of the natural gas moved to and from the United States is
carried as LNG in special tankers. [8]

Comprehension Check
49. Finish the following sentences according to the text.

1) The composition of natural gas varies ... .

2) The chief component of gas is ... .

3) Some geologists theorize that natural gas is ... .

4) Others think it may be ... .

5) Natural gas is used extensively as an illuminant and a fuel be-
cause of its ... .

6) One of the earliest attempts to harness it for economic use oc-
curredin ... .

7) Liquefied natural gas is natural gas that has been ... .

50. Answer the following questions and give examples.

1) What is natural gas?

2) What is its chief component?

3) Does it occur in petroleum deposits only?

4) What are the main theories of gas origin?

5) What are its main properties?

6) Natural gas wasn’t known to the ancients, was it? Why? Why not?

7) What was their idea about its origin?

8) When did the first attempt to harness it for economic use
take place?

9) What is LNG?

10) What made the production and transport of LNG commercially

feasible?

51. Fill in the table according to the text.

Components Places of Properties Processes to
origin liquefy
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52. Discuss with your groupmates or in pairs the advantages and
disadvantages of natural gas as a source of energy.

Language Focus

53. Fill in the tahle with appropriate derivatives.

Specially, different, chief, occur, commonly, petroleum, theo-
rize, byproduct, primordial, flammability, calorific, extensively, il-
luminant, consider, phenomenon, ignite, harness, industrial, pres-
surize, convenience, commercially, carry.

Noun Verb Adjective Adverb

54. Form the nouns from the following verbs.

to compose —... to appear —...

to differ —... to attempt —...
to localize —... to construct —...
to liquefy —... to pressurize —...
to theorize —-... to occur —...

55. Choose the contextual meanings of the words written in bold in Text D.

1) mixture

a) CMech C) MHKCTypa
b) cmemuBaHUe d) xommosunus
2) deposit
a) JICTIO3UT C) OTIIOKCHUE
b) 3amexs d) ocanox
3) composition
a) CTpPyKTypa C) COeJMHEHHUE
b) cocras d) cmmaB
4) theorize
a) Jymarh ¢) TeopeTHU3npoBaThH
b) mpenckassBaTh d) nmomyckatb
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5) attempt

a) TOIBITKA C) MOCTYIIOK
b) mpoba d) neiictBue

6) advance
a) IpoABHUTATHCA C) IIpOrpeccupoBarh
b) nocrurarsb d) Hactymarhb

7) production
a) IIPOU3BOJCTBO C) H3rOTOBIICHUE
b) mnomydeHue d) BeIpaborka

56. Use the words from the box to change the underlined words.

layer, believe, harness, built, at the beginning of, thought, to
move, biomass, to use, extended, paranormal

1) Some geologists theorize that natural gas is a byproduct of de-
caying vegetable matter in underground strata.

2) Natural gas was known to the ancients but was considered by
them to be a supernatural phenomenon.

3) One of the earliest attempts to harness it for economic use oc-
curred in the early 19th cent. in Fredonia, N.Y.

4) Extensive pipeline systems have been constructed to transport gas.

It’s important to know

57. Read the following text and decide whether the statements helow are
true or false according to the text. Correct the mistakes.

Measurement

A barrel’s capacity often depends on who uses the term, or
what it contains. For example:

1 barrel (bbl) of petroleum or related products = 42 gallons

1 barrel of Portland cement = 376 pounds

1 barrel of flour = 196 pounds

1 barrel of pork or fish = 200 pounds

1 barrel of (US) dry measure = 3,29122 bushels or 4,2104 cu-
bic feet

A barrel may be called a “drum”, but a drum usually holds 55
gallons! [1]
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1 bbl of flour is more than 1 bbl of fish.
“A barrel” is equivalent to “a drum”.

1 bbl of cement is more than 1 bbl of pork.
Dry bbl differs from liquid bbl.

1 gal is more than 1 bbl.

Language Development

58.

Analyze the graph given below [11] (see Fig. 6) and make generalizations
ahout the data. Use the following plan:

Plan:

1. What the graph shows.

2. What the numbers represent.

3. Make a thesis (a statement or an opinion that is presented with
evidence in order to prove that it is true).

4. Support your thesis.

5. Make an appropriate conclusion.

um eforchange.org

e

Waorld Evrere Cenr Amanca Aslia
& Caribbaan

Nenh Amorica Middbe Ex1 & Seuh America
Nerh Afica

Fig. 6. Fossile fuels in % of total energy consumed

Use the phrases:

»
»

>
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The graph/diagram shows... » According to the data...
A wide range in the » Ifto compare...
percentage...

A number of... » We can sum up...



59. Translate the following texts into English using the active vocabulary.

1) Yrous — TBepaoe TOILIUBO YEPHOTO 1IBETa, KOTOpoe o0pas3o-
BAJIOCH U3 OCTAaTKOB HCKOIIAEMBIX pacTeHUM. B KaMeHHOYTONBHBIN
U TPETHYHBIN IIepHoAbl 0OJIOTHCTAs PACTUTEIHHOCTE II0CTEIICHHO
obpazopana Topdsauuky. HakonneHue HOBBIX OCTATKOB BBI3BIBAIIO
IIpoceanne 0cajouHbIX nopox. IloBrImenue 1aBieHus U BeIzele-
HUe Telula IIpuBesio K o0pa3oBaHuto JurauTa (Oyporo yris), 6utry-
MUHO3HOT'O YIJIs U, IIpH JIOCTATOYHO BBICOKOH TeMIiieparype, — aH-
TpanuTa. Yroib 3ajeraeT B BUje ILIACTOB, B Ooiee My0OKUX Iuia-
CTax yBEJIMYUBACTCS COJICPKAHUE YITIEPO/la U CHIDKACTCSA COAEp-
>KaHHE IIPUPOJIHOTO ra3a U BIaxkHOCTH. [103TOMy JIMTHUT — MeHee
KaueCTBEHHOE TOILINBO, YeM aHTPAIUT.

2) IlpuponHslii ra3 — uckonaemoe ToruBo. CoCTouT U3 yrie-
BOJIOPOJIOB, COJIEPKUTCS B OCAIOYHBIX BOJaxX. ['a3 — razoo0pa3HbIil
KOMIIOHEHT HedTu, noObiBacTcs u3 HedTAHBIX ckBaxuH. IIpouc-
XOXJIeHHE HeTH U rasa OJMHAKOBO: PA3IOKEHHE JIPEBHUX Opra-
HUYECKHX ocTarkoB. Ilepes uconp30BaHueM [IPUPOAHOTO Ia3a U3
HEro yJalisioT TsDKENbIe YIIIEeBOJOpoasl — OyTaH U IIPOIaH, KOTO-
pBIe CXKHTAIOT U IIOMEIIAT B MeTajuindeckue Oaiionsl. Ocras-
IUACS «CyXO# ra3» MojaeTcs MOTPEeOUTENo Mo TPyOOIIpOBOLY.
Bxnrouaer B cebs MeTaH U 3TaH.

Follow Up

60. Read the texts of Unit Il again and make notes under the following
headings. Then use your notes to talk about Traditional Sources of
Energy.

What wood fuel is and where it is used.

Coal origin, its properties, classification and harnessing.

Oil origin, its properties, refining process and harnessing.
What natural gas is, its origin, properties and process of lique-
faction.
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REVIEW
Check Your Knowledge

1. Choose the best option.

1) Total demand for fuel increased considerably with ...

a) the industrial revolution
b) the technological process
¢) sustainable energy development

2) The most easily available form of fuel is...

a) coal
b) wood
c) gas
3) All refineries perform ... basic steps.
a) two
b) three
c) four
4) Surface mining can be used when the coal is buried ... under-
ground.

a) less than 100 feet
b) more than 200 feet
¢) less than 200 feet

5) After coal comes out of the ground, it goes to ...
a) arefinery
b) a preparation plant
c) atreatment plant

6) Crudeoilis ...

a) a smelly, yellow-to-black liquid
b) a combustible black or brownish-black sedimentary rock
¢) mixture of gaseous hydrocarbons

7) Products made from petroleum include ...

a) plastics, tar, synthetic fibers, fertilizers, and medicines

b) ink, bubble gum, dishwashing liquids, CDs and DVDs,
ammonia, heart valves, etc.

c) furniture, buildings, fittings, paper, etc.
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1)
2)
3)

5)

1)

2)

3)

4)

Fill in the gaps.

The burning of is currently the largest use of ener-
gyderived from a solid fuel biomass. ( wood/coal/oil)

The energy content of is dependent on the moisture

content. ( coal/wood/oil)

is classified into four main types. (coal/wood/oil )
Crude is a smelly, yellow-to-black liquid. (coal/wood/oil )
is commonly associated with petroleum deposits.
(coal/oil/gas)

Choose the underlined words and phrases which have mistakes.

Wood heat was #gradually replaced by coal and later by ®fuel
oil, natural gas and propane heating except in “urban areas
with Davailable forests.

Coal is a ¥renewable energy source because it takes ’millions
of years 9to create.

Oil was formed from the remains of animals and ® plants that
lived Pmillions of years ago in a 9ground environment before
Dthe dinosaurs.

Natural oil was considered by Pthe ancients to be ®a super-
natural phenomenon because it appeared as a mysterious fire
bursting from Dthe ground.

Translate these phrases into English.

[IpupoaHbIif ra3, 3anacel HeTH, BOCIUIAMEHIEMOCTh, HedTe-

nepepabaTeIBAOIIMK 3aBOA, IPOMBIIUICHHAS PEBONIOLUS, CXKH-
JKeHHBIM ra3, MCKOIIaeMOe TOIUIMBO, IIPOUCXOKJICHHUE He(TH, Hc-
MIOIIb30BAHUE YIS, TPYOOIIPOBOJ, 3aMaChl YIS, [PEBECHOE TOILITH-
BO, TOOOYHBIE IPOJYKTHI, BEIPAOATHIBATE DIIEKTPOIHEPTHIO.



W | UNITII
| GAS SUPPLY

Start here

1. Choose the right word.

For hundreds of years, natural gas has been known as a very
(useful / useless) substance. The Chinese (discovered / invented) a
very long time ago that the energy in natural gas could be har-
nessed, and used to (heat / cool) water. In the early days of the
natural gas industry, the gas was mainly used to (7ight / heat) street-
lamps, and the occasional (house / place).

There are so many (different / special) applications for this fos-
sil fuel: commercially, in your home, in industry, and even in the
transportation sector!

For example, energy from (natural / man-made) gas accounts
(for / at) 24 percent of total energy consumed in the United States,
making it a vital component of the nation’s energy (supply / demand).

2. The graph below [9] gives an idea of the natural gas use proportion per
sector in the USA. Study it and complete the sentences below (see Fig. 7).

Residential ~ Other 3%

A0
20% ower 30%

Commercial
13%

Industrial
34%

Fig. 7. Natural gas use by sector

» The industrial sector accounts for the proportion of
natural gas use in the United States.

» The residential sector consumes the third quantity of
natural gas.
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» Commercial natural gas use accounts for
» Electric power sector includes about
» The usage of natural gas in residential sector is higher than

Active Vocabulary
3. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

resurgence consumer self ignition
advancement counterparts requirement
infancy appliance

Verbs and verbal phrases

to disconnect to plug

to offer to provide

Adjectives

residential versatile comparable
distributed reliable

Adverbs

initially

approximately

considerably

Reading Task: 7ext A

4. Answer the following question and read the text below to check
your answer.

What is natural gas used for in homes?

Residential Use

Natural gas is one of the cheapest forms of energy available to
the residential consumer. In fact, natural gas has historically been
much cheaper than electricity as a source of energy. According to
the Department of Energy (DOFE) natural gas costs less than 30
percent of the cost of electricity, per Btu.
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Not only is natural gas cheap for the residential consumer, it
also has a number of varied uses. The best known uses for natural
gas around the home are natural gas heating and cooking. Cooking
with a natural gas range or oven can provide many benefits, in-
cluding easy temperature control, self ignition and self cleaning, as
well as being approximately one-half the cost of cooking with an
electric range.

Natural gas is one of the most popular fuels for residential
heating. This popularity is also shown through the high proportion
of new homes built with natural gas heating.

Despite this increase in the proportion of homes using natural
gas the actual volume of natural gas consumed has not increased
to the same degree due to increased efficiency of natural gas appli-
ances. Modern top of the line gas furnaces can achieve efficiencies
of over 90 percent (meaning that only 10 percent of the energy con-
tained in the natural gas is lost as waste heat).

In addition to heating homes, natural gas can also be used to
help cool houses, through natural gas powered air conditioning.
Natural gas air conditioning is nothing new; in fact, it provided
most of the air conditioning requirements of the 1940’s and 50°s.
However, due to new advancements in technology and efficiency,
natural gas air conditioning is experiencing resurgence in popular-
ity. Although natural gas air conditioner units are initially more ex-
pensive than a comparable electric unit, they are considerably more
efficient and require less maintenance.

Natural gas appliances are also rising in popularity due to their
efficiency and cost effectiveness. Although many gas powered ap-
pliances are initially more expensive than their electric counterparts,
they are commonly much cheaper to operate, have a longer expect-
ed life, and require relatively low maintenance. Some examples of
other natural gas appliances include space heaters, clothes dryers,
pool and jacuzzi heaters, fireplaces, barbecues, garage heaters, and
outdoor lights. All of these appliances offer a safe, efficient, and
economical alternative to electricity or other fuel sources.

Although natural gas has many uses, and can supply energy to a
vast number of residential appliances, there are some energy require-
ments around the house which cannot be satisfied by natural gas.
A television, or blender, or microwave, for instance, will likely never
be powered directly by natural gas, but will instead require electrici-
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ty. However, natural gas can still provide energy for these appliances
at the home, by what is known as ‘distributed generation’.

Distributed generation refers to using natural gas to generate
electricity right on the doorstep. Natural gas fuel cells and microtur-
bines both offer the residential consumer the capacity to disconnect
from their local electric distributor, and generate just enough electri-
city to meet their needs. Although this technology is still in its infan-
¢y, it is very promising in being able to offer independent, reliable,
efficient, environmentally friendly electricity for residential needs.

The very first natural gas fuel cell was installed in a house in
Latham, New York, in July 1998. The system was plugged into the
home’s natural gas line as the fuel supply, and is now completely
independent of any outside electricity. Because a significant amount
of electricity is wasted when it is distributed through power lines
from a central power plant to the home, on-site electric generation
could lead to significantly higher energy efficiency, which trans-
lates to cost savings for the residential consumer. [9]

Comprehension Check

5. Decide whether the following statements are true or false according
to the text.

1) Electricity has historically been much cheaper than natural
gas as a source of energy.

2) Natural gas is used around the home for heating as well as
cooling.

3) No energy contained in the natural gas is lost as waste heat.

4) Natural gas is widely used in air conditioning systems.

5) Natural gas air conditioner units are initially more expensive
than a comparable electric unit.

6) Gas powered appliances require relatively low maintenance.

7) Such devices as a TV set or microwave will unlikely be pow-
ered directly by natural gas.

8) Natural gas fuel cells offer the residential consumer the capa-
city to disconnect from their local electric distributor.

9) The very first natural gas fuel cell was installed in a house in
Latham, New York, in June 1998.

10) No electricity is wasted when it is distributed through power

lines from a central power plant to the home.
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6. Answer the following questions and give examples.

1) What is the lowest cost conventional energy source available
for residential use?
2) What are the best known uses for natural gas around the home?
3) What are the benefits provided with cooking by natural gas?
4) What efficiency can modern top of line gas furnaces achieve?
5) Is natural gas air conditioning experiencing decline in popularity?
6) Can natural gas be used to cool houses? Why? Why not?
7) Why are natural gas appliances rising in popularity?
8) What are they?
9) Are electric or gas powered appliances cheaper to install?
Why? Why not?
10) What energy requirements around the house cannot be satis-
fied by natural gas?
7. Translate the italicized passage in written form paying attention to the
Participles.
8. Choose the hest abstract for the text.
1. Natural gas has been harnessed in residential use for a long
time and it is more efficient than electricity.
2. Natural gas can be used not only for heating and cooling but for
a number of varied residential uses.
3. Natural gas is a cheap, efficient source of energy for the resi-
dential consumer and has a variety of uses around the house.
Over to you
9. Discuss with your groupmates or in pairs what is more ecologically
friendly: electricity or natural gas.
10. Analyze the graph [11] and make generalizations about the data. Use
the plan given below (see Fig. 8).
Plan:
1. What the graph shows.
2.  What the numbers represent.
3. Make a thesis (a statement or an opinion that is presented with
evidence in order to prove that it is true).
4. Support your thesis.
5. Make an appropriate conclusion.
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Natural Gas 5 6,56
No 2 Heating Oil [FRRG_—— ; 79

Kerosene 5 9,11
Propane 59,53
Electricity — 24,27
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$/Btu

Fig. 8. Residential energy costs per btu

Use the phrases:

» The graph/diagram shows... » According to the data...
» Awide range in the percentage... > If to compare...

» A number of... » We can sum up...
Language Focus

11. Choose the contextual meanings of the words written in bold in Text A.

1. generation

a) co3/jaHue ¢) dopmupoBaHne
b) oOpaszoBaHue d) mnpousBoncTBO
2. number
a) YHCIO c) Homep
b) cymma d) paz
3. range
a) IepeHra c) Onok
b) pan d) rmmra
4. benefits
a) [0Jb3a C) IpPEeUuMyIECTBO
b) npubsLIL d) 6eneduc
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5. waste

a) OTXOLHOE C) U3NHIIHEe
b) BbIIETCHHOE d) cbpocHoe

6. capacity
a) MOIIHOCTb C) BO3MOXHOCTb
b) BMecTUMOCTD d) obbvem

7. translates
a) mepeMeriaer C) IepeHOCUT
b)npuBomuT d) nepesojut

12. Form the nouns from the following adjectives.

residential —... efficient—... local —...
natural —... comparable — ... independent —...
electric —... economical —... reliable —...

13. Fillin the correct prepositions, translate the phrases, then choose any
five items and make up sentences of your own.

1) Anumber  varied uses; 2) cooking  a natural gas;3) to show
_the proportion; 4) to increase  the degree; 5) to contain _ the
natural gas; 6)  addition  heating homes; 7)  fact, 8) due
new advancements  technology; 9) resurgence  popularity;
10) examples  appliances; 11) alternative  electricity; 12) to be
satisfied  natural gas; 13) to plug  the home’s natural gas line;
14) independent _ outside electricity; 15) to distribute  power
lines  a central power plant  the home.

14. Translate the following words and phrases into English using the
vocabulary of the text.

HocrynHas popma, morpeduTens, 00eCeurBaTb BBITOIY, OTO-
IIJICHUE KUITOTO TIOMEIEHUS, BO3POXKICHUE TOMYIAPHOCTH, [Ipe-
MIOJIAraeMBIi CPOK CITYXKOBI, KOMHATHEIN 000rpeBaTens, TpeOOBaTh
MEHBIIIE TEKYIEro OOCTYXUBAHUSA, JCIIEBBIA B OKCIUTyaTalldH,
pacupenenuTenbHOe MPOU3BOICTBO, TOIUIMBHEINA BIIEMEHT, OBITH Ha
HAYaIBHOUM CTaJuU Pa3BUTU, OBITH MHOTOOOCIAOIINM, Oe3Bpe-
HEIA K OKPY)KAIOIIEH cperie, 3HAYUTEIbHOE KONUISCTBO, SKOHOMUS
B pacxoJax.
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Active V lar

15. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

private enterprise  absorption refrigerant
establishment chiller desiccant
humidity appliance outlet

fryer griddle venting options
CHP disruption commercial settings
CCHP consistent electricity

Verbs and verbal phrases Adjectives
to fulfill to integrate multifunctional
to absorb to evaporate reciprocating
to expand

Reading Task: Text B

16. Answer the following guestion and read the text below to check your
answer.

What is natural gas used for in commercial sector?

Commercial Uses

Commercial uses of natural gas are very similar to residential
uses. The commercial sector includes public and private enterpris-
es, like office buildings, schools, churches, hotels, restaurants, and
government buildings. The main uses of natural gas in this sector
include space heating, water heating, and cooling. For restaurants
and other establishments that require cooking facilities, natural gas
is a popular choice to fulfill these needs (see Fig. 9).

Natural gas currently accounts for 13 percent of energy used in
commercial cooling, but this percentage is expected to increase due
to technological innovations in commercial natural gas cooling
techniques. There are three types of natural gas driven cooling pro-
cesses. Engine driven chillers use a natural gas engine, instead of
an electric motor, to drive a compressor. With these systems, waste
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s Cooling 12%

- Water heating 8%

Space heating 35%
Cooking 6%

! Drying 3%
- /..

. Other 16%
Lighting 18%

Fig. 9. Commercial energy use

heat from the gas engine can be used for heating applications, in-
creasing energy efficiency. The second category of natural gas cool-
ing devices consist of what are called absorption chillers, which pro-
vide cool air by evaporating a refrigerant like water or ammonia.
These absorption chillers are best suited to cooling large commercial
buildings, like office towers and shopping malls. The third type of
commercial cooling system consists of gas-based desiccant systems.
These systems cool by reducing humidity in the air. Cooling this dry
air requires much less energy than it would to cool humid air.

Another area of growth in commercial natural gas use is in the
food service industry as it is a flexible energy source in being able
to supply the food service industry with appliances that can cook
food in many different ways. New developments such as Nontradi-
tional Restaurant Systems, which provide compact, multifunctional
natural gas appliances for smaller sized food outlets such as those
found in shopping malls and airports, are expanding the commer-
cial use of natural gas. These types of systems can integrate a gas-
fired fryer, griddle, oven, hot and cold storage areas, and multiple
venting options in a relatively small space — providing the ease and
efficiency of natural gas cooking while being compact enough to
serve small kiosk type establishments.

In addition to traditional uses of natural gas, a number of tech-
nological advancements have allowed natural gas to be used to in-
crease energy efficiency in commercial settings. Many buildings,
because of their high electricity needs, have on-site generators that
produce their own electricity. Natural gas powered reciprocating
engines, turbines, and fuel cells are all used in commercial settings
to generate clectricity. These types of ‘distributed generation’ units
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offer commercial environments more independence from power
disruption, high-quality consistent electricity, and control over their
own energy supply.

Another technological innovation brought about is combined
heating and power (CHP) and combined cooling, heating and pow-
er (CCHP) systems, which are used in commercial settings to in-
crease energy efficiency. These are integrated systems that are able
to use energy that is normally lost as heat. For example, heat that is
released from natural gas powered electricity generators can be
harnessed to run space or water heaters, or commercial boilers. Us-
ing this normally wasted energy can dramatically improve energy
efficiency. [10]

Comprehension Check

17. Gomplete the following sentences according to the text.

1) The commercial sector includes ...
2) The main uses of natural gas in this sector include ...
3) For restaurants natural gas is ...
4) Natural gas currently ...
5) Engine driven chillers use ...
6) The second category consist of ...
7) The third type of commercial cooling system consists ...
8) Another area of growth in commercial natural gas use is ...
9) In addition to traditional uses ...
10) Another technological innovation is ...

18. Answer the following questions and give examples.

1) What does the commercial sector include?

2) What are the main uses of natural gas in this sector?

3) How many types of natural gas driven cooling processes do
you know? What are they?

4) Why is natural gas broadly harnessed in the food service in-
dustry?

5) How is natural gas used in buildings with high electricity needs?

6) What technological innovation to increase energy efficiency do
you know?

7) According to the given graph, which commercial sector has the
least natural gas harnessing?
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19. Choose the underlined words and phrases which have mistakes.

1) The main uses of natural gas in  commercial sector include ?)
space heating, water heatmg, and © ookmg

2) Natural gas currentlg account for ®) 35 percent of energy
used in commercial ®space heating.

3) Waste heat from the gas engme can be used for 2 _heating ap-
plications, ®) decreasing energy © fﬁc1ency

4) Gas-based desiccant systems @ _cool by P) raising humidity ®in
the air.

5) Natural gas is a ® flexible energy source and b supply the ©
food service industry with appliances that can cook food.

6) Many bu11d1ngs because of their ? high electnc1ty needs, have
on-site P) distributors that produce their own 9electricity.

7) CHP and CCHP are @ disintegrated systems that are able to use
energy that is ® commonly lost as “heat.

20. Divide the text into logical parts and make an oral report on the text.
Consult pages 29-30.

Language Focus

21. Fill in the table with appropriate derivatives.

Dramatically, on-site, expand, technique, normally, desiccant,
account, choice, relatively, public, require, generation, currently,
commercial, improve, refrigerant, high-quality, chiller, harness.

Noun Verb Adjective Adverb

22. Combine the words from the column on the left with the suitable nouns
from the column on the right. Translate them into Russian.

1) to require a) cell

2) to fulfill b) heating

3) desiccant ¢) efficiency
4y fuel d) facilities

5) distributed e) innovations
6) space f) system

7) technological g) generation
8) energy h) needs



23. Match the opposites.

1) heating a) slightly

2) natural b) humidifier
3) to improve ¢) todecrease
4) to increase d) to deteriorate
5) desiccant e) extended

6) flexible f) similar

7) compact g) cooling

8) different h) fixed

9) disruption i) artificial

10) dramatically j) combination

24. Translate the following words and phrases into English using the
vocabulary of the text.

Kommepueckoe IIpuMeHeHne, YaCTHbIE [IPEIIPUATHS, YCIOBUS
JUISL IIPUTOTOBIICHUS [IHIIH, YOBIETBOPATH OTPEOHOCTAM, TEXHO-
JOTUYECKHE JIOCTUIKEHUS, 3aIlyCKaTh KOMIIPECCOp B JeHcTBHE, d()-
dbexruBHOCTS Ucnonb3oBanms sueprun (KII/), annapar (eMKOCTS)
C OXJIAKICHUEM, IIOHIDKATH BIIAXKHOCTH, HOBBIE pa3pabOTKU, MHO-
ropyHKIMOHANBHBIC YCTPOMCTBA, HapyIICHHE IIOJA9d DHEPIuy,
KOMMepuecKue 00iisneps! (KOTbl).

Active Vi lar

25. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

waste treatment  steam reforming incineration
multitude ethane feedstock
catalyst recycling industry formaldehyde
butane dehumidification acetic acid
additive fueling MTBE

natural gas absorption system
natural gas desiccant system

Verbs and verbal phrases

to extract
to trail
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Reading Task: Text C

26. Answer the following question and read the text helow to check
your answer.

What is the natural gas used for in industry?

Uses In Industry

Natural gas has a multitude of industrial uses, including pro-
viding the base ingredients for such varied products as plastic, fer-
tilizer, anti-freeze, and fabrics. In fact, industry is the largest con-
sumer of natural gas, accounting for 43 percent of natural gas use
across all sectors. Natural gas is the second most used energy
source in industry, trailing only electricity.

Industrial applications for natural gas are many, including the
same uses found in residential and commercial settings — heating,
cooling, and cooking. Natural gas is also used for waste treatment
and incineration, metals preheating (particularly for iron and steel),
drying and dehumidification, glass melting, food processing, and
fueling industrial boilers. Gases such as butane, ethane, and pro-
pane may be extracted from natural gas to be used as a feedstock
for such products as fertilizers and pharmaceutical products.

Natural gas is converted to what is known as synthesis gas,
which is a mixture of hydrogen and carbon oxides formed through
a process known as steam reforming. In this process, natural gas is
exposed to a catalyst that causes oxidization of the natural gas
when brought into contact with steam. This synthesis gas, once
formed, may be used to produce methanol (or Methyl Alcohol),
which in turn is used to produce such substances as formaldehyde,
acetic acid, and MTBE (methyl tertiary butyl ether) that is used as
an additive for cleaner burning gasoline. Methanol may also be
used as a fuel source in fuel cells.

In addition to these uses, there are a number of innovative and
industry specific uses of natural gas. Natural gas desiccant systems,
which are used for dehumidification, are increasingly popular in
the plastics, pharmaceutical, candy, and even recycling industries.
Adding a natural gas desiccant system to the manufacturing or dry-
ing environment allows industrial users to regulate more closely
the amount of moisture in the air, leading to a more consistent and
high-quality product.
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Natural gas absorption systems are also being used extensively

in industry to heat and cool water in an efficient, economical, and
environmentally sound way. These industrial absorption systems
are very similar to those used in commercial settings. [10]

Comprehension Check

27.

3.

Complete the following sentences according to the text.

Natural gas has a multitude of industrial uses, including...
Butane, ethane, and propane are used as a feedstock for ...
Synthesis gas is a mixture of ...

... 1s used as an additive for cleaner burning gasoline.

Natural gas desiccant systems are increasingly popular in ...
Adding a natural gas desiccant system to the manufacturing or
drying environment allows industrial users to ...

. Correct the following statements.

Natural gas is the largest most used energy source in industry.

Synthesis gas may be used to produce formaldehyde, acetic
acid and MTBE.

There are a few innovative and industry specific uses of natural gas.

The regulation of the amount of gas in the air leads to a more
consistent and high-quality product.

The industrial absorption systems differ from those used in
commercial settings.

. Answer the following questions and give examples.

Is industry the largest consumer of natural gas? Why? Why not?
What are the industrial applications of natural gas?

What gases may be extracted from natural gas?

What is steam reforming?

Where may methanol be used as a fuel source?

What are natural gas desiccant systems used for?

Why are natural gas absorption systems being widely used in
industry?

. Find key words and phrases which best express the general meaning

of each paragraph.

Write a summary of Text C. Consult page 10.
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Language Focus

32. Combine the words from the ¢column on the left with the suitahle nouns
from the column on the right. Translate them into Russian.

1) glass a) application
2) base b) treatment
3) industrial ¢) reforming
4) pharmaceutical d) ingredients
5) high-quality e) system
6) waste f) products
7) steam g) melting
8) desiccant h) products
9) absorption i) systems
10) commercial j) settings

33. Form the nouns from the following verhs.

to apply —... to dehumidify —... to absorb —-...
to consume —... to incinerate —... to industrialize —...
to oxidize —... to add —... to increase —...

34. Form the verbs from the following nouns.

recyclability —... provision —... manufacturer —...
inclusion —... conversion —... extraction —...

35. Form the adjectives from the following nouns.

imnovation — ... efficiency —... environment —...
industry —... economy —... desiccant —...

36. Fill in the correct prepositions, translate the phrases, then choose any
three items and make up sentences of your own.

1) to account  43%; 2) to extract  natural gas; 3) to convert
~ synthesis gas; 4) a mixture formed  steam reforming;
5) to be exposed  acatalyst; 6) to bring  contact  steam;
7)  turn; 8) an additive  cleaner burning gasoline; 9)  ad-
dition  these uses; 10) the amount  moisture  the air;
11) to be similar  sth.
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Active V lar

37. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases
infrared heating powder-coating platinum catalyst
two-fold effect co-firing
direct contact technologies

water heater
operational

performance
Verbs and verbal phrases Adjectives
to regard supplemental
to reap benefits

Reading Task: Texts D

38. Read the following texts, translate the words in brackets and answer
the questions helow.

Infrared Heating Units

Infrared (IR) heating units provide an innovative and economic
method of using natural gas to (seipabamvieams menno) in an in-
dustrial setting. They are very useful in the metals industry, as they
provide (unnosayuonnvie memoowt) to increase the efficiency of
powder-coating manufacturing processes. Infrared heaters use
(npupodnwlii 2az) to more (3¢pghexmusrno) and quickly heat materi-
als used in this process. Natural gas is combined with a panel of
ceramic fibers containing a platinum catalyst, (svi3si6a5) a reaction
with oxygen to (3nauumensrno) increase (memnepamypy), without
even producing a (n1ams). Using natural gas in this manner has al-
lowed industry members to (yseruuums) the speed of their manufac-
turing process, as well as providing a more economic (arsmepHamusa,
sapuanm) to electric (Hazpesamenvivie npubopwy). [15]

What do infrared heating units provide?
Why are they useful?
What is natural gas combined with?

What are the advantages of natural gas usage in infrared heaters?
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Direct Contact Water Heaters

Direct contact water heating is an application that (pabomaem)
by having the energy from the (corcucanue) of natural gas trans-
ferred directly from the flame into the water. These systems are in-
credibly (a¢pghexmusnnr) at heating water. (Obviunvie npomviiu-
aennvie godonazpesamenu) operate in the 60-70 percent energy
efficiency range. However, direct contact water can (docmuzams)
efficiencies up to 99,7 percent! (Ouesuono), this leads to tremen-
dous (cruscenuio cebecmoumocmu, skoHomuu 8 pacxodax) in in-
dustries where hot water is essential. [14]

» How do direct contact water heaters work?
» What efficiencies can direct contact water heaters achieve?
» What are the advantages of their usage?

Industrial Combined Heat and Power

Industrial (nompebumenu) reap great benefits from operating
natural gas Combined Heat and Power (CHP) and Combined Cool-
ing, Heat, and Power (CCHP) (cucmem). For instance, natural gas
may be used to generate (anexmpuuecmeo) needed in a particular
industrial setting. The (uzbeimouroe menno u nap) produced from
this process can be (ucnonvzosamwcs) to fulfill other industrial
(npumenenus), including (omonnenue nomewenuii), water heating,
and powering industrial (botinepsy). Since industry is such a heavy
user of energy, and (ocobenno) electricity, providing increased ef-
ficiency can (axonomums) a great deal of money. The industrial
sector is also subject to (paccmompenus) regarding harmful
(svibpocw), and the burning attributes of natural gas help industry
to (crudicams) its emissions. [14]

» What benefits do industrial consumers reap from natural gas
CHP and CCHP systems?

» What can the excess heat and steam be used for?

» Increased efficiency of CHP and CCHP systems can save a
great deal of money, can’t it?

Industrial Co-firing

Natural gas co-firing technologies are also helping to increase
industrial energy efficiency, and reduce (8pedusie) atmospheric
emissions. Co-firing is the process in which natural gas is used as a
(Oononnumenvroe monaugo) in the combustion of other fuels, such
as coal, wood, and (3nepzus buomaccet). For example, a traditional
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industrial wood boiler would simply (cowcuzaem) wood to generate
energy. (Oodnaxo), in this type of boiler, a (3nauumenvroe) amount
of energy is (mepsemcsa), and harmful emissions are very high.
({o6asnenue) natural gas to the combustion (cmecu) can have a
two-fold effect. Natural gas (sui0ensiem) fewer harmful (sewyecme)
into the air than a fuel such as wood. Since the energy needed to
power the natural gas boiler (ocmaemcs nocmosmnein), adding
natural gas to the combustion mix can reduce harmful emissions.
In addition, the (axcnayamayuonnas xapaxmepucmuxa) of the
boiler, including its energy efficiency, can be (yryuwena) by sup-
plementing with natural gas. For instance, in wood fueled boilers,
adding natural gas can (xomnerncuposams) for the use of low grade
wood, allowing it to combust more (6uicmpo) and (noarnocmsio).
This type of co-firing can also be used in the generation of electri-
city, whether on-site or in a centralized (anexmpocmanyus). [14]

» What is co-firing?

» What are the benefits of natural gas co-firing technologies?

» How can the operational performance of a boiler be im-
proved?

» Where can co-firing technologies be used?

39. Choose one text you like most and write an abstract in 1-2 sentences.
Consult page 14.

Language Develgpment

40. Read the following text about natural gas in the transportation sector
and fill in the words listed below.

worldwide development proliferation
alternative combustion meet
compressed created bi-fuel

buses pollution disadvantages
stronger choice reasons
refueling safe dissipates
cost gasoline

Natural Gas in the Transportation Sector

Natural gas has long been considered an 1) fuel for
the transportation sector. In fact, the first internal 2) en-
gine vehicle to run on natural gas was 3) by Etienne Le-

noir in 1860 (see Fig. 10).
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There are currently 150,000
Natural Gas Vehicles (NGVs)
on the road in the United States
today, and more than 5 million

NGVs 4) . In recent
years, technology has improved
to allow fora 5)  of

natural gas vehicles, particular-

Fig. 10. The first Natural Gas Vehicle ly for fuel intensive vehicle

1860 fleets, such as taxicabs and pub-

lic 6) . However, virtu-

ally all types of natural gas vehicles are either in production today

for sale to the public or in 7) , from passenger cars, trucks,
buses, vans, and even heavy-duty utility vehicles.

Despite these advances, a number of 8) of NGVs pre-
vent their mass-production. Limited range, trunk space, higher ini-
tial 9) , and lack of 10) infrastructure pose im-
pediments to the future spread of natural gas vehicles.

Most natural gas vehicles operate using 11) natural
gas (CNG).

Some natural gas vehicles are fueled by Liquefied Natural Gas
(LNG). Some natural gas vehicles that exist today are 12)
vehicles, meaning they can use gasoline or natural gas, allowing
for more flexibility in fuel 13)

There are many 14) why NGVs are increasing in abun-
dance and popularity. Natural gas, being the cleanest burning alter-
native transportation fuel available today, offers an opportunity to
15) the stringent environmental emissions standards.

In addition, natural gas is very 16) . Being lighter than
air, in the event of an accident natural gas simply 17) into
the air, instead of forming a dangerous flammable pool on the
ground like other liquid fuels. This also prevents the 18) of
ground water in the event of a spill. Natural gas fuel storage tanks
on current NGVs are 19) and sturdier than gasoline tanks.

Natural gas is also an economic alternative to 20) and
other transportation fuels. [9]

41. Try to draw the graph of the natural gas use proportion per sector in
Belarus, then find out additional information and check yourself. Make
a presentation in your group.
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Follow Up

42. Read the texts of Unit lll again and make notes under the following
headings. Then use your notes to talk about Gas Supply.

1) Residential uses of natural gas.

2) Commercial uses of natural gas.

3) Industrial uses of natural gas.

4) Up-to-date units utilizing natural gas.
5) The benefits of natural gas harnessing.

REVIEW
Check Your Knowledge

Part 1
1. Fill in the gaps with the derivatives of the given words:

increase, emit, pollute, danger, environment, tradition, clean, surround

The Environmental Benefits of NGVs
(natural gas vehicles)

One of the primary reasons for pursuing alternative fueled ve-
hicle technology is to 1) environmentally harmful 2) . Itis
estimated that vehicles on the road account for 60 percent of car-
bon monoxide pollution, 29 percent of hydrocarbon emissions, and
31 percent of nitrogen oxide (NOx) emissions. All of these emis-
sions released into the atmosphere contribute to smog 3) , and
increase the levels of 4) ~ ground level ozone. The 5)  effects
of NGVs are much less detrimental than 6)  fueled vehicles.

Natural gas vehicles, when designed to run on natural gas
alone, are among the cleanest vehicles in the world. In fact, the
Honda Civic GX, released in
1997, has the 7)  internal
combustion engine ever com-
mercially produced (see Fig. 11).
This natural gas powered auto-
mobile emits so few pollutants
that in some large cities the
emissions from the car are

Cle%ner ',:ha”n the air 8) ! Fig. 11. Honda Civiec GX — Super
California, with some of the Clean NGV
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tightest clean air standards anywhere in the United States, has rec-
ognized selected natural gas vehicles as meeting and exceeding its
most stringent standards. In 2008 the Honda Civic GX was award-
ed, for the fifth straight year, «America’'s Greenest Car» by the
American Council for an Energy Efficient Economy (ACEE).
Natural gas vehicles are much cleaner burning than tradition-
ally fueled vehicles due to the chemical composition of natural
gas. While natural gas is primarily methane, gasoline and diesel
fuels contain numerous other harmful compounds that are released
into the environment through vehicle exhaust. While natural gas
may emit small amounts of ethane, propane, and butane when used
as a vehicular fuel, it does not emit many of the other, more harm-
ful substances emitted by the combustion of gasoline or diesel.
Dedicated NGVs also produce, on average, 70 percent less
carbon monoxide, 87 percent less non-methane organic gas, and 87
percent less To than traditional gasoline powered vehicles. [9]

2. Choose the contextual meanings of the words written in bold in the text
ahove.

1. composition

a) CTpOeHue ¢) cocraB

b) crpykTypa d) xommo3unus
2. primarily

a) IIepBOHAYATHHO C) B OCHOBHOM

b) cHauama d) mmaBHEIM 0OpazoMm
3. released

a) BBIJCIICHHBIN ¢) u30aBIEHHBI

b) BEICBOOOXKIEHHBII d) packpermeHHBII
4. combustion

a) O30IicHUE C) BO3TOpaHHe

b) coxuranue d) cropanue

5. dedicated
a) CIENUANM3UPOBAHHBIA C) BBIJCICHHBII

b) HasHaYCHHBIN d) mnocBANEHHBIHA
3. Choose the hest ahstract for the text.

1) The Honda Civic GX, natural gas powered automobile, was
recognized as meeting and exceeding the most stringent
standards.
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2)

3)

All of the emissions from traditionally fueled vehicles contrib-
ute to environmental damage, that’s why it is of great impor-
tance to develop natural gas vehicles.

Natural gas vehicles (e. g. Honda Civic GX) are much cleaner
burning than traditionally fueled vehicles.

Part 2

4.

a)
b)
¢
d)
1)

2)
3)

4)

5)
6)

7)

8)
9)

10)

Match the terms with their definitions.

ethane e) formaldehyde i) catalyst
application f)  steam reforming j)  additive
methanol g) butane k) emission
propane h) acetic acid 1) infrared

a process in which methane from natural gas is heated, with
steam, usually with a catalyst, to produce a mixture of carbon
monoxide and hydrogen used in organic synthesis and as a fuel;
the act of applying to a particular purpose or use;

a colourless poisonous irritating gas with a pungent charac-
teristic odour, made by the oxidation of methanol and used
as formalin and in the manufacture of synthetic resins. For-
mula: HCHO;

a colourless odourless flammable gasecous alkane obtained
from natural gas and petroleum: used as a fuel and in the
manufacture of organic chemicals. Formula: C,H;

a colourless flammable gaseous alkane found in petroleum
and used as a fuel. Formula: CH,CH,CHy;

a colourless volatile poisonous liquid compound used as a
solvent and fuel. Formula: CH,OH,;

a colourless flammable gaseous alkane that exists in two iso-
meric forms, both of which occur in natural gas. The stable
isomer, n-butane, is used mainly in the manufacture of rubber
and fuels. Formula: C,H,;

a substance that increases the rate of a chemical reaction with-
out itself suffering any permanent chemical change;

a colourless pungent liquid, miscible with water, widely used
in the manufacture of acetic anhydride, vinyl acetate, plastics,
pharmaceuticals, dyes, etc. Formula: CH;COOH,;

any substance added to something to improve it, prevent dete-
rioration, etc;
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11) the part of the electromagnetic spectrum with a longer wavelength
than light but a shorter wavelength than radio waves; radiation
with wavelength between 0.8 micrometres and 1 millimetre;

12) energy, in the form of heat, light, radio waves, etc., emitted
from a source.

5. Translate the following words and phrases into English using the
vocahulary of the unit.

OrtorieHre XUIIOro IIOMEIIEHNUs, IIPEeIIoIaraeMblii CPOK CIIykK-
051, KOMHATHBIH 00orpeBarelb, TpeOOBaHIE TEKYIIEro 00cIyXKrBa-
HUSL, JIIIEeBBI B OKCILTyaTalllu, paclipeielInTeNbHOE IPOU3BOJICTBO,
TOILJIMBHBIN DJIEMEHT, DKOHOMHUS B PAcxojiaX, KOMMEpPUECKoe IIpuMe-
HEHHUE, YaCTHBIC LIPEIIPUATHS, YIIOBIETBOPITEH IIOTPEOHOCTAM, TeX-
HOJIOTHYECKUE JIOCTIDKEHMS, 3allyCKaTh KOMIIpeccop B JeHcCTBHE,
sddexrrBHOCTS Hcnonb3oBanus dHeprun (KIIJ), maorodyHKIHO-
HaJIbHBIE yCTPOiicTBa, KoMMepuecKue 60ieps! (KOTIbL), 3aIpaBIsiTh
TOIIMBOM OOiiiiepsl, 1IpeoOpa3oBEIBaTh B CHHTETUYECKUI Ia3, BBI-
3bIBATh OKHUCIICHME, IIOJIy4aTh W3 Iasa, PeryliupoBaTh KOJIUYECTBO
BJIATH, OCYIICHHUE BO3IyXa, CKUIAHUE OTXOLOB, YCTAaHOBKY HHDpa-
KPaCHOI0 HArpeBa, MHHOBAIMOHHBIE CLIOCOOBI yBenuueHus sddex-
THUBHOCTH U CKOPOCTH IIPOM3BOJCTBA, 3HAUUTEIIFHO [IOBHIIIATH TEM-
neparypy, He 00pasyst OTKpBITHII OTOHB, BOJIHBIE 000 peBaTey Ipsi-
MOTO BO3JICHCTBUS, CHIKATH KOJMYECTBO BPEHIHBIX arMOCQEpHBIX
BEIOPOCOB, JIOMIOJTHUTENFHOE TOPIOYEe, Croparh OBICTPO U IIOITHO-
CTBIO, TPAHCIIOPTHBIC CPEJICTRA, PA0OTAOIIME HA Ta3e, CKATHIA MPH-
POIHBIA ra3, CKIKEHHBIN IPUPOAHEIN T'a3.



W[ UNITIV

| ALTERNATIVE SOURCES OF ENERGY

Start here

1. Choose the right option.

1)

2)

3)

4)

5)

1)

Renewable Energy Sources

I am the energy in things that used to be
alive. My energy is stored in trees, plants,
and garbage. You can burn me to make
heat and electricity. I can pollute the air
when [ am burned.

I am heat energy from inside the Earth.
I'heat underground rocks and water. Some-
times [ am buried too deep to use.
I am clean energy.

I am the energy in moving water. Dams can
harness my energy. My power can make
electricity. I am clean, cheap energy.

I make plants grow and [ give you light.
I make the wind blow and the rain fall. Today,
it costs a lot to harness my energy. Photovol-
taic cells can turn my energy into electricity.

[ am the energy in moving air. Some plac-
es have a lot of me, others only a little.
Machines with blades capture my energy,
turning it into electricity. [ don't pollute
the air, but cause noise pollution.

Nonrenewable Energy Sources

I look like a shiny black rock. I am a fossil
fuel that is buried underground. I am often
transported by river barges. I can pollute the
air when I am burned to make electricity.

a) Petroleum
b) Biomass
¢) Wind

a) Wind
b) Biomass
¢) Geothermal

a) Wind
b) Hydropower
¢) Natural Gas

a) Solar Energy
b) Water
¢) Geothermal

a) Nuclear Power
b) Wind
¢) Solar Energy

a) Coal

b) Solar Energy
¢) Biomass
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2) I'm a gas with no color, no taste and no  a) Petroleum
smell. Companies give me a funny smell  b) Oxygen
so that you can tell if I escape. Companies  ¢) Natural Gas
drill wells to pump me from the ground.

I am the cleanest burning fossil fuel.

3) My energy is used to make electricity.  a) Uranium
I am used to make nuclear power. My en-  b) Wind
ergy does not pollute the air. My waste is  ¢) Solar Energy
radioactive and can be dangerous.

4) People drill wells to pump me from the a) Petroleum
ground and under the ocean. I am made  b) Geothermal
into lots of things, like gasoline and plas-  ¢) Coal
tics. I make more energy than any other
energy source. I am a fossil fuel that pol-
lutes the air when I am burned.

5) Iam used on farms and in backyard grills.  a) Biomass
I am portable and can be shipped in tanks  b) Coal
and bottles. I am a fossil fuel that is bur-  ¢) Propane
ied underground. I am clean burning.

2. Translate the following sentences from Russian into English.

1) Bce HCTOMHHKM DHEPIHU MOTYT IIOApasiesiThcs Ha B0300-
HOBJISIEMBIC M HEBO3OOHOBIIsIEMEIE.

2) OCHOBHBIM HEJOCTAaTKOM HCKOIIa€MBIX BHUJOB TOIININBaA ABJIIS-
FOTCS BPEeHOE BO3ACHUCTBYE HA OKPYKAOIIYIO CPELy U TO, 9TO
OHHU OBICTPEE UCCAKAIOT, 9eM BO3OOHOBIISIOTCS.

3) CooTBeTcTBEHHO, He00X0ANMO OoJIee IPUCTATHHO PACCMOTPETh
BO3MOXHOCTH HCIIOJIB30BaHUA AJBTCPHATUBHBIX HUCTOYHUKOB
OHEPTUH, TAKNX KaK COJIHIIC, BETEP, BOJIA U T.1.

Active V lar

3. Give Russian equivalents of the following words and phrases. Try to
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memorize them.

Nouns and noun phrases Verbs and verbal phrases

photocell to run out
surge of water to capitalize
concern to tap a resource

to sluice



Adjectives Adverbs

overcast properly
non-replenishable

adaptable

habitable

Reading Task: Text A

4. Answer the following question and read the text below to check
your answer.

1) What is the difference between renewable and non-renewable
energy sources?
2) Why is it so important to develop alternative energy sources?

The Pros and Cons of Alternative Energy

Oil and oil products make the world go round, some would
say. Just about every piece of equipment or type of machinery uses
oil to run. Oil, however, is a «non-replenishable» resource, and
when it runs out, how will we run our equipment and machinery?
In response to this question, many are trying to develop alternative
sources of energy. Hopefully, these alternative sources will make
the world less dependent on the limited supply of oil.

There are a number of types of alternative energy sources
which have already been developed. They include:

* Energy from the Sun. Known as solar energy, this powerful
and unlimited source of energy would offer us a very efficient alter-
native to oil, and it is a free resource.

If solar power were properly developed, it could easily become
our primary power source. The use of solar power is especially at-
tractive in areas that have long days and not much cloud cover. It is
therefore ideal for less developed areas which may be far from the
more traditional power sources.

The problem is that capitalizing on this powerful resource is
not as simple as it seems. Locations with limited daylight hours or
consistently overcast skies do not receive the amount of light re-
quired to store the energy. In addition, locations that do not have
wide expanses of land available will not be able to tap this re-
source, since the photocells necessary to collect and store the sun-
light require large tracts of land.

71



» Wind. The power of the wind was harnessed hundreds of
years ago to run windmills, which directly ran mills on farmlands.
The same principle can now be used, with the addition of storage
capacity, to supply as much as 20% of our energy needs. In loca-
tions with strong winds, such as along the seashore, or in the moun-
tains, wind can easily be harnessed to run generators to create elec-
tricity. This is an energy alternative that is safe and clean: no harm-
ful carbon dioxide or other gases are produced in the creation of
electricity through wind power. However, there are many areas that
don’t receive enough wind to make it a reliable source.

» Hydroelectric Energy. A powerful surge of water sluicing
over a cliff creates a tremendous source of energy. This is the con-
cept behind the construction of the many dams in the world today.
Hydroelectric energy is another clean alternative to oil, since it does
not produce waste or pollution. Energy produced by a dam is cheap
and adaptable, but the cost of building a dam is very high and, with-
out destroying entire potentially habitable areas, it is difficult to
find locations for dams. Tidal energy — the power of water can also
be harnessed on a smaller scale by the use of tidal flow. This alter-
native is very limited, however, since not every area has bodies of
water with strong tidal flows, and the concern over the effect on fish
and birds in the area raise many concerns. It is also not a steady
source of energy, since tides move in twice daily movements. For
this reason there are only nine workable sites for this type of power
and only two being used.

« Biomass. Biomass can be considered a nice way of speaking
of waste. Animal waste, rotten crops and grains, residues from
wood mills and aquatic waste can all be fermented to form an alco-
hol that is comparable to coal in its energy producing powers. It
also produces greenhouse gases, making it one of the less attractive
alternative energy sources.

In addition to these more «natural» sources of energy produc-
tion, fusion, fuel cells, nuclear, geothermal and hydrogen energies
can be used for our future needs for power. These have negative
environmental effects and so are questioned as alternative sources,
but doesn’t oil have as many, if not more negative effects? [6]

Comprehension Check

5. Decide whether the following statements are true or false according to
the text.

1) Almost every piece of equipment or type of machinery uses
gas to run.
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2) There are few types of alternative energy sources which have
already been developed.
3) Solar energy is a powerful and unlimited source of energy and
it is a free resource.
4) The use of solar power is especially attractive in areas with
limited daylight hours or consistently overcast skies.
5) The power of the wind has been developed recently.
6) Carbon dioxide or other gases can be produced in the creation
of electricity through wind power.
7) Hydroelectric energy doesn’t generate waste or pollution.
8) Energy produced by a dam is expensive and adaptable, but the
cost of dam construction is very cheap.
9) There are only nine workable sites for tidal power and only
two are in use.
10) Because of greenhouse gases, biomass is one of the less attrac-
tive alternative energy sources.

6. Answer the following questions.

1) What types of alternative energy sources have been developed yet?
2) Where is solar power especially attractive?
3) What is the main problem with capitalizing on solar power?
4) Where was the power of wind harnessed for the first time?
5) What types of landscape have strong winds?
6) Wind energy is safe and clean, isn’t it? Prove it.
7) Why isn’t wind power reliable in some areas?
8) What is the concept behind the construction of the many dams
in the world today?
9) What are the pros and cons of tidal energy?
10) What wastes can be fermented to form an alcohol?
11) What are the pros and cons of biomass?
12) What other energies can be used for our needs in power?

7. What parts of the text can you define? Do they correspond to the
paragraphs? Name each part.

8. Find key words and phrases which hest express the general meaning
of each part.
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Make an oral report on Text A. Consult pages 29-30.

Qver to you

10.

1)
2)

Discuss with your groupmates or in pairs:

What are the advantages and disadvantages of alternative en-

ergy sources?

What are the prospects of alternative energy sources harness-
ing in Belarus? (Find out additional information).

Language Focus

11.

Choose the contextual meanings of the words written in bold in Text A.

free

a) cBOOOJHBIH
b) HezaBHCHMBIi

power

a) cuia c)
b) cnocobrOCTH d)
tap

a) yIaBIMBATH c)
b) orBOMUTH d)
scale

a) wmacmTab )
b) mkama d)
alcohol

a) AaJKoroNb c)
b) osTaHON d)

limited supply 1)
primary power source 2)
overcast skies 3)
large tracts of land 4)
storage capacity 5)

¢)  OecruraTHBIN
d)  He3aHsaTHII

MOIIIHOCTD
SHEPrust

IIPpUHUMATH
BBIITYCKaTh

BCIIMYNHA
BCCHI

CIIUPT
CIIUPTHOM HAITUTOK

. Match the English and Russian equivalents.

macMypHoe He6o
MOIITHAaA BOJIHA
3aIyCKaTh TCHEPATOPEI
MEPENUBAICEH YEPEe3 yTeC
TIOAXOIAINUEC YIaCTKN



f) to run generators 6) aKBATUYECKHUE OTXOBI

g) apowerful surge 7) OrpaHHYEHHOE KOJIUYECTBO

h) sluicing over acliff  8) OCHOBHOH NCTOYHUK DHEPTHU

i) workable sites 9) GobIINe YHACTKY 3CMIIH

j) aquatic waste 10) axkyMynupyromas criocoOHOCTb

13. Form the nouns from the following adjectives.

dependent —... attractive —-... habitable —...
alternative —... available —... workable —...
powerful —... harmful —... traditional —...
unlimited —... adaptable —... environmental — ...

14. Read the following text and translate the words in brackets. Make an
abstract of the text in 2-3 sentences. Consult page 14.

In 2009 substantial investments were made to improve Belar-
us’ (osobrosnsemble ucmounuxu) capacity, with proposals includ-
ing three hydroelectric plants, several (6uomacca) and combined
heat and power plants, plus the (cmpoumenvcmeo) of over 2,400
(sempsaxu). Of all renewables, (buomonnuso) is most (npusenexa-
menwvibl) to Belarus because of the vast (nrowaou) of forest and
farmland across the republic.

Biofuel facilities are being constructed in the southern towns
of Mozyr and Bobruisk to (npouzeooums) 650 million litres of bio-
ethanol a year, and (xumuuecxuii) company Azot is experimenting
with the production of methyl ether from rape oil.

Biomass also offers ways to (soccmanasiusamy) land
(3acpasnennviii) by the Chernobyl disaster as the growing and har-
vesting process helps (ouucmxa) the land. [6]

Reading Task: Text B

15. Look through the following interview with a famous professor on
harnessing alternative sources of energy. Read it in pairs. Translate
from Russian into English and vice versa.

Reducing Oil Consumption —Is it really Possible?

1) Interviewer: Kaxxjgomy 13 Hac 130 JHS B JIeHb HEOOXO/HU-
Ma DHeprus B TOW WM MHOUM (opMe JNs yIOBICTBOPEHUS HEOO-
XOJIUMBIX TIOTpeOHOCTel. BOMBIIMHCTBO U3 HAC UCTIONB3YIOT Hed-
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TSIHBIE WCTOYHUKH HEIIOCPCACTBCHHO MM OIIOCPEIIOBAHHO IS
pou3BocTBa SHepruu. Ho, mpexie geM HauaTh pasroBOp O CHU-
JKeHUH NoTpedneHus HedTH, BOBMOXHO, HAM CTOWUT IIOJCYHUTATD,
CKOJIBKO HeTeTommBa MBI 1oTpebisiem?

Professor: It is a good idea to evaluate your energy needs. For
example, US Transportation sector accounts for approximately
2/3rd of the total oil consumption in America. Only when you have
your total energy requirement lined up, you will be able to decide
whether it is possible for you to cut on some of those requirements.
Also, the consideration can be placed on different alternatives that
you can use for generating that energy.

Oil consumption is probably the only alternative for transpor-
tation. However, oil consumed for generating power can instead be
controlled. It is possible to use the alternative energy sources in the
desired quantity.

I: KakoBo Bamie MHEHHE, BOSMOXKHO JI IIOJTHOCTHIO OTKA3aThCA
or morpebieHus HeTH ITOCPENCTBOM HCIIOIB30BAHUS AJBTE-
HATUBHBIX UCTOYHHUKOB dHEPTUN?

P: Of course, solar energy systems, hydropower, wind power,
bio-gas are few options available. If you are a marketing person, it
would probably be impossible to reduce your dependence on oil.
However, if you are running a restaurant business, you can use so-
lar power instead for cooking food, wind power to run machines
and so on.

I: CymecTByer mu CBSA3b MEKIY CHIDKCHUEM MOTPEOIeHUS
He(TH U aNbTePHATUBHBIMHA UCTOYHUKAME DHEPTHH?

P: You can even create alternative energy on your own and can
thus, reduce your oil dependence.

2) 1I: Tak kakue sHEpreTUIECKUEe UCTOTHUKU MOTYT 3aMEHUTH
He(dTh TONHOCTHIO?

P: Let’s explore the various alternatives which have emerged in
recent times with the advent of technology. We all know that the
earth has limited stock of non-renewable sources of energy like coal
and oil. On the other hand, renewable energy sources like solar en-
ergy, wind energy, bio-gas is available in unlimited quantities and
can thus, help us solve the energy crisis that might arise in the future.
Alternative sources are a key towards future power generation.

I: C yBenuueHneM ypOBHS IIAPHUKOBBIX I'a30B U IIIOOAIBHOTO
MOTEIUICHUS KIIMMaTa, BO3POCINAs OTBETCTBEHHOCTh JIOXKUTCS HE
TONBKO Ha MIPABUTEIHCTBO, HO U Ha KAXKIOTO IPaXIaHUHA.

P: Absolutely! And we all are to deal with the energy problems
seriously.
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I: Kakue MCTOYHUKHM DHEPruM SBISIIOTCS Hauboiee paspado-
TAHHBIMU HA CETOHSIIHUM JICHB?

P: Solar power and wind power are the two most researched
forms of alternative energy. Alternative sources are natural form of
energy and are more ecologically friendly. Various worldwide com-
mittees are trying to research the possible uses of these alternative
sources of energy. Also, the discovery of new alternative energy
sources is a field where a lot of investment is being made.

3) I: MHorue yxXe aKkTHBHO HCIOJB3YIOT AIbTEPHATHBHBIC
HUCTOYHUKY DHEPIHU B ITOBCEAHEBHOHN JKHU3HH. A CYIICCTBYIOT JIH
KaKue-HUOY/b JAHHBIC HA DTOT CHET?

P: Within 15 years, renewable energy shall be able to generate
sufficient electricity to light up more than 40 million homes. This
in turn will help the world to offset oil imports for 70 days.

I: KaxkoBbl OueBHJHBIC IIPEUMYIICCTBA ANBTEPHATUBHBIX HC-
TOYHUKOB dHEpPrun?

P: They help to reduce air and water pollution by producing
lesser amount of carbon monoxide. They will help to reduce de-
pendence on oil rich nations and can thus provide a chance to the
domestic economy to grow. Alternative energy sources can facili-
tate creation of greener jobs, that spread little pollution and at the
same time train technicians to make solar panels and generators.

I: Criacu60 32 HHTEPBBIO, HALCIOCh, TEIIEPb CTAIIO OYEBUIHEIM,
910 Oyaylnee MHpPOBOH DKOHOMHKH IIOJNAracTcs Ha OSHEPTHIO,
BOCIIPOU3BOIUMYIO AJIbTCPHATUBHBIMU NCTOYHUKAMHU.

Active Vocabulary

16. Give Russian equivalents of the following words and phrases. Try to
memaorize them.

Nouns and noun phrases

elevation

injustice

Verbs and verbal phrases
to evaporate

to capture

to spin

to absorb

to rot

to penetrate
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Adjectives
inexhaustible
viable
low-impact
17. Read the following international words and mind the stressed
syllables.

basis atmosphere to minimize
turbine meter radiator
hydroelectric to absorb percent

to generate equivalent financial

Reading Task: Text C

18. Answer the following question and read the text below.
Where can you see solar panels on?
1. garden lamps
2.
3.
4
How Solar Energy Works

Solar energy — power from the sun — is free and inexhaustible.
This vast, clean energy resource represents a viable alternative to
the fossil fuels that currently pollute our air and water, threaten our
public health, and contribute to global warming. Failing to take ad-
vantage of such a widely available and low-impact resource would
be a grave injustice to our children and all future generations.

In the broadest sense, solar energy supports all life on Earth
and is the basis for almost every form of energy we use. The sun
makes plants grow, which can be burned as «biomassy fuel or, if
left to rot in swamps and compressed underground for millions of
years, in the form of coal and oil. Heat from the sun causes tem-
perature differences between areas, producing wind that can power
turbines. Water evaporates because of the sun, falls on high eleva-
tions, and rushes down to the sea, spinning hydroelectric turbines
as it passes. But solar energy usually refers to ways the sun’s ener-
gy can be used to directly generate heat, lighting, and electricity.
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The Solar Resource. The amount of energy from the sun that
falls on Earth’s surface is enormous. All the energy stored in Earth’s
reserves of coal, oil, and natural gas is matched by the energy from
just 20 days of sunshine. Outside Earth’s atmosphere, the sun’s en-
ergy contains about 1,300 watts per square meter. About one-third
of this light is reflected back into space, and some is absorbed by
the atmosphere (in part causing winds to blow).

By the time it reaches Earth’s surface, the energy in sunlight
has fallen to about 1,000 watts per square meter at noon on a cloud-
less day. Averaged over the entire surface of the planet, 24 hours
per day for a year, each square meter collects the approximate en-
ergy equivalent of almost a barrel of oil each year, or 4,2 kilowatt-
hours of energy every day.

This figure varies by location and weather patterns. Deserts,
with very dry air and little cloud cover, receive the most sun—more
than six kilowatt-hours per day per square meter. Northern climes
get closer to 3,6 kilowatt-hours.

Passive Solar Design for Buildings. One simple, obvious use of
sunlight is to light our buildings. If properly designed, buildings can
capture the sun’s heat in the winter and minimize it in the summer,
while using daylight year-round. Buildings designed in such a way
are utilizing passive solar energy—a resource that can be tapped with-
out mechanical means to help heat, cool, or light a building. South-
facing windows, skylights, awnings, and shade trees with the sun in
mind can be comfortable and beautiful places to live and work.

Solar Heat Collectors. Besides using design features to maxi-
mize their use of the sun, some buildings have systems that actively
gather and store solar energy. Solar collectors, for example, sit on
the rooftops of buildings to collect solar energy for space heating,
water heating, and space cooling. Most are large, flat boxes painted
black on the inside and covered with glass. In the most common
design, pipes in the box carry liquids that transfer the heat from the
box into the building. This heated liquid—usually a water-alcohol
mixture to prevent freezing—is used to heat water in a tank or is
passed through radiators that heat the air. Oddly enough, solar heat
can also power a cooling system. Today, about 1,5 million U.S.
homes and businesses use solar water heaters. In other countries,
solar collectors are much more common; Israel requires all new
homes and apartments to use solar water heating, and 92 percent of
the existing homes in Cyprus already have solar water heaters.
With natural gas prices at historically high levels, solar water and
space heaters have become much more economic.
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The Future of Solar Energy. Solar energy technologies are
poised for significant growth in the 21st century. More and more
architects and contractors are recognizing the value of passive so-
lar and learning how to effectively incorporate it into building de-
signs. Solar hot water systems can compete economically with
conventional systems in some areas. And as the cost of solar PV
continues to decline, these systems will penetrate increasingly
larger markets. In fact, the solar PV industry aims to provide half
of all new U.S. electricity generation by 2025.

Aggressive financial incentives in Germany and Japan have made
these countries global leaders in solar deployment for years. [6]

Comprehension Check

19. Decide whether the sentences are true or false according to the text.

1) Energy from the sun is the basis for almost every form of en-
ergy we use.
2) Solar energy occurs as a result of temperature differences be-
tween areas.
3) Solar energy is considered to be the ways the sun’s energy is
used to directly generate heat.
4) The sun’s energy contains about 1,500 watts per square meter
outside Earth’s atmosphere.
5) The sun’s energy reduces to about 1,000 watts per square me-
ter at noon on a cloudy day.
6) Each square meter collects the energy equivalent of 5,2 kilo-
watt-hours of energy every day.
7) Skylights, south-facing windows are the examples of passive
solar energy.
8) Solar collectors are installed on the roofs of buildings to accu-
mulate solar energy for heating.
9) Solar collectors use a water-alcohol mixture to prevent drying up.
10) About 1,5 million German homes and enterprises use solar wa-
ter heaters currently.
11) Solar hot water systems have become a good alternative to
conventional systems in some areas.
12) The purpose of the solar PV industry is to provide half of all
new U.S. electricity generation by 2035.

20. Answer the following questions and give examples.

1) What are the main advantages of solar energy?
2) What does solar energy contribute to?
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3) How many watts per square meter does the sun’s energy contain?

4) How much energy on average does square meter collect for a year?

5) How does this figure vary?

6) What is an obvious use of sunlight for buildings?

7) What are the systems that gather and store solar energy?

8) What countries with active harnessing of solar power for build-
ings do you know?

9) What are the prospects of solar energy technologies in the
nearest future?

10) What countries are leaders in solar deployment?

21. Find key words and phrases which hest express the general meaning
of each paragraph.

22. Write a summary of Text B. Consult page 10.

Over to you

23. Discuss with your groupmates or in pairs:

1) What is the main problem with solar panels usage in Belarus?
2) Is it possible to use energy from the sun for industrial purposes
in our Republic? Why? Why not?

Language Focus

24. Fill in the table with appropriate derivatives.

Awning, beautiful, difference, comfortable, common, outside,
mixture, existing, alternative, properly, rot, evaporates, directly,
contains, minimize, oddly.

Noun Verb Adjective Adverb

25. Match the appropriate derivatives and translate them into Russian.

1) to exhaust a) injustice

2) current b) vapor

3) tojustify ¢) south-facing
4) to evaporate d) to affect

5) cloudy e) currently
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6) sunlight f) inexhaustible

7) equivalent g) atmosphere
8) sphere h) cloudless
9) to localize 1) requirement
10) to face J) sunny

11) to require k) equal

12) effectively ) location

26. Give the definitions of the words given below in your own words in
written form.

to maximize enormous
inexhaustible mechanical means
appropriate effectively
currently underground

27. Translate the following words and phrases into English using the
vocahulary of the text.

OHeprus CcoJNHLA, XXU3HECHocoOHas anbTepPHATHBA, LIMPOKO
JOCTYIIHBIN, BOCIIOJIB30BAThCA IIPEUMYIECTBOM, OOJIBLIOE YITylIe-
HUe (HecHpaBeJIMBOCTh), B HauboJee LIMPOKOM CMBICIIE, pa3HHLa
B TEMIIEPATYPHOM PEXUME, IIPOU3BOJAUTE HENOCPEACTBEHHO, I10-
BEPXHOCTb 3EMIIM, PacIONOKEHHE U CHHONTHYECKAs CHUTYyaLus,
IpY HaJIeXalleM POeKTUPOBAHMY, aKTUBHO HAKAIlJIMBATh U CO-
XPaHsTh, HArPeTas XXUAKOCTh, BOJHO-CIIMPTOBON pacTBOP, NPeaoT-
BpamaTh 3aMOpaXXMBaHUE, 3HAYUTEIbHBIN POCT, OCO3HaBaTh LICH-
HOCTB, TPAJUUHNOHHBIC CUCTEMBI.

28. Look at the diagram helow (fig. 12) and label it with the words in the box.

Fig. 12. The solar power system
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| battery | cables |controller | lamps | solar panel |

It’s important to know

29. Read and translate into Russian the manual for the solar panel
hattery.

How does the solar power system work? The panel converts
the Sun’s energy into a direct current (DC) electric current. The
current flows to the controller. Then it can flow from the controller
to the lamps. Or it can flow from the controller into the battery. The
battery stores the electricity. The current can flow from the battery
into the lamps through the controller.

If the Sun shines, the DC current can flow from the panel,
through the controller and into the lamps. If the Sun doesn’t shine,
the current can flow from the battery, through the controller and
into the lamps. If the lamps are off, the current can flow from the
panel, through the controller, and into the battery.

The controller controls the flow of the current. If the battery is
full, the controller stops the flow from the panel into the battery. If
the battery is empty, the controller stops the flow from the battery
into the lamps. [1]

30. Identify the equipment from the description. There are two extra words.

a) controller c) cable e) electrical current
b) solar panel d) battery ) radiator

1) It converts energy from the Sun into electricity.

2) It stores the electricity.

3) It controls the flow of the current.

4) It flows from the panel, through the controller and into the
lamps.

31. These are the main parts of the system. Match the items with their
specifications. Give abbreviations in words.

1) solar panel a) 12V 8W

2) controller b) DC

3) battery c) SA

4) lamps d) 60W

5) electrical current e) 12V 100Ah
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32. Summarize the main parts of the system. Start with: “The system
consists of a sixty watt solar panel,...”

Active Vocahulary
33. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

windmill paddle wheel shaft

sawmill airfoil cluster

altitude tax break propeller-type

sail axis blades

wind farm electrical grid wind tunneling

green pricing public utility
program company

Verbs and verbal phrases

to rush to cause
to reverse to scatter
to rotate to capture
to span

Reading Task: Text D

34. Answer the following question and read the text below to check
your answer.

What is the principle of harnessing wind power?

Energy from Wind

Wind is simple air in motion. It is caused by the uneven heat-
ing of the earth’s surface by the sun. Since the earth’s surface is
made of very different types of land and water, it absorbs the sun’s
heat at different rates.

During the day, the air above the land heats up more quickly
than the air over water. The warm air over the land expands and
rises, and the heavier, cooler air rushes in to take its place, creating
winds. At night, the winds are reversed because the air cools more
rapidly over land than over water (see Fig. 13).
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In the same way, the large
atmospheric winds that circle
the ecarth are created because
the land near the earth’s equator
is heated more by the sun than
the land near the North and
South Poles.

Today, wind energy is Cool alr over the water moves In
mainly used to generate clec-
tricity. Wind is called a renew- Fig. 13. Air in motion

able energy source because the
wind will blow as long as the sun shines.

Since ancient times, people have harnessed the winds energy.
Over 5,000 years ago, the ancient Egyptians used wind to sail ships
on the Nile River. Later, people built windmills to grind wheat and
other grains. The earliest known windmills were in Persia (Iran).
These early windmills looked like large paddle wheels. Centuries
later, the people of Holland improved the basic design of the wind-
mill. They gave it propeller-type blades, still made with sails. Hol-
land is famous for its windmills.

American colonists used windmills to grind wheat and corn, to
pump water, and to cut wood at sawmills. The oil shortages of the
1970s changed the energy picture for the country and the world.
It created an interest in alternative energy sources, paving the way
for the re-entry of the windmill to generate electricity.

Like old fashioned windmills, today’s wind machines use
blades to collect the wind’s kinetic energy. Windmills work be-
cause they slow down the speed of the wind. The wind flows over
the airfoil shaped blades causing lift, like the effect on airplane
wings, causing them to turn. The blades are connected to a drive
shaft that turns an electric generator to produce electricity.

With the new wind machines, there is still the problem of what
to do when the wind isn’t blowing. At those times, other types of
power plants must be used to make electricity.

There are two types of wind machines (turbines) used today
based on the direction of the rotating shaft (axis): horizontal-axis
wind machines and vertical-axis wind machines. The size of wind
machines varies widely. Small turbines used to power a single
home or business may have a capacity of less than 100 kilowatts.
Some large commercial sized turbines may have a capacity of
5 million watts, or 5 megawatts. Larger turbines are often grouped
together into uind farms that provide power to the electrical grid.
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Horizontal-axis. Most wind
machines being used today are the
Generator converts  horizontal-axis type. Horizontal-
e aeen? axis wind machines have blades
like airplane propellers. A typical
horizontal wind machine stands
as tall as a 20-story building and
has three blades that span 200 feet
across. The largest wind machines
in the world have blades longer
than a football field! Wind ma-
chines stand tall and wide to cap-
ture more wind (see Fig. 14).

Vertical-axis.  Vertical-axis
wind machines have blades that
go from top to bottom and the

Fig. 14. Horizontal wind machine most common type looks like a

giant two-bladed egg beaters.

The type of vertical wind machine typically stands 100 feet tall and

50 feet wide. Vertical-axis wind machines make up only a very
small percent of the wind machines used today.

Wind power plants, or wind farms as they are sometimes
called, are clusters of wind machines used to produce electricity.
A wind farm usually has dozens of wind machines scattered over a
large area. The world’s largest wind farm, the Horse Hollow Wind
Energy Center in Texas, has 421 wind turbines that generate enough
electricity to power 220,000 homes per year.

Unlike power plants, many wind plants are not owned by pub-
lic utility companies. Instead they are owned and operated by busi-
ness people who sell the electricity produced on the wind farm to
electric utilities. These private companies are known as Indepen-
dent Power Producers.

Operating a wind power plant is not as simple as just building
a windmill in a windy place. Wind plant owners must carefully
plan where to locate their machines. One important thing to con-
sider is how fast and how much the wind blows.

As a rule, wind speed increases with altitude and over open ar-
eas with no windbreaks. Good sites for wind plants are the tops of
smooth, rounded hills, open plains or shorelines, and mountain
gaps that produce wind tunneling.

Wind speed varies throughout the country. It also varies from
season to season.

Blades catch the
wind and spin

Cable
carries electricity
to transmission line

Computer system
controls direction
of the blades
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New technologies have decreased the cost of producing elec-
tricity from wind, and growth in wind power has been encouraged
by tax breaks for renewable energy and green pricing programs.
Many utilities around the country offer green pricing options that
allow customers the choice to pay more for electricity that comes
from renewable sources.

Most of the wind power plants in the world are located in Eu-
rope and in the United States where government programs have
helped support wind power development. The United States ranks
second in the world in wind power capacity, behind Germany and
ahead of Spain and India. Denmark ranks number six in the world
in wind power capacity but generates 20 percent of its electricity
from wind.

In the 1970s, oil shortages pushed the development of alterna-
tive energy sources. In the 1990s, the push came from a renewed
concern for the environment in response to scientific studies indi-
cating potential changes to the global climate if the use of fossil
fuels continues to increase. Wind energy is an economical power
resource in many areas of the country. Wind is a clean fuel; wind
farms produce no air or water pollution because no fuel is burned.
Growing concern about emissions from fossil fuel generation, in-
creased government support, and higher costs for fossil fuels (es-
pecially natural gas and coal) have helped wind power capacity
grow substantially over the last 10 years.

The most serious environmental drawbacks to wind machines
may be their negative effect on wild bird populations and the visual
impact on the landscape. To some, the glistening blades of wind-
mills on the horizon are an eyesore; to others, they’re a beautiful
alternative to conventional power plants. [6]

Comprehension Check

35. Put the following sentences in the correct order according to the text.

1) A typical horizontal wind machine stands as tall as a 20-
story building and has three blades that span 200 feet across.

2y Over 5,000 years ago, the ancient Egyptians used wind to
sail ships on the Nile River.

3)  Government programs adopted in Europe and in the US
support wind power development.

4y  The large atmospheric winds that circle the earth are cre-

ated because the land near the earth’s equator is heated more
by the sun than the land near the North and South Poles.
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5)  There are horizontal-axis and vertical-axis wind ma-
chines.

6)  Wind power plants are clusters of wind machines used to
produce electricity.

7)  Wind is caused by the uneven heating of the earth’s sur-
face by the sun.

8)  Like old fashioned windmills, today’s wind machines use
blades to collect the wind’s kinetic energy.
9)  Vertical-axis wind machines have blades that go from top

to bottom and usually look like a giant two-bladed egg beaters.

10)  Wind plants may be owned by public utility companies or
business people.

11) ~ New technologies have decreased the cost of producing
electricity from wind, and growth in wind power has been en-
couraged by tax breaks for renewable energy and green pricing
programs.

12)  Potential changes to the global climate pushed the devel-
opment of alternative energy sources in the 1990s.

36. Make the following statements true according to the text.

1) The air above the water heats up more quickly than the air over
land during the day.

2) Contrary the air cools more slowly over land than over water
and the winds are reversed at night.

3) The earliest known windmills were in Holland.

4) American colonists created an interest in alternative energy
sources.

5) The blades are joined to a drive shaft that turns a windmill to
produce electricity.

6) Small turbines may have a capacity of more than 100 kilowatts
and some large turbines may have a capability of 5 megawatts.

7) The most popular wind machines are vertical-axis.

8) Many wind plants as well as power plants are not owned by
public utility companies.

9) Operating a wind power plant is easier than just building a
windmill in a windy place.

10) Wind speed remains constant throughout the country but it var-
ies from season to season.
11) The cost of producing electricity from wind has been increased

by new technologies.
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12) The negative effect on wild bird populations and the visual im-
pact on the landscape are the most serious environmental ad-
vantages of wind machines.

37. Answer the following guestions and give examples.

1) Why does the earth’s surface absorb the sun’s heat at different
rates?
2) What is wind energy mainly used to?
3) Why is wind called a renewable energy source?
4) How did the early windmills look like?
5) Who improved the basic design of the windmill later?
6) What changed the energy picture for the world in the 1970s?
7) How do windmills work?
8) What is the problem with the new wind machines? What is the
solution?
9) What are wind machines based on?
10) What are wind farms?
11) What is the difference between the horizontal-axis and verti-
cal-axis wind machines?
12) The world’s largest wind farm is located in Texas, isn’t it?
13) Who owns wind plants?
14) What must be considered before building a wind plant?
15) What sites are suitable for wind plants?
16) What has growth in wind power been encouraged by?
17) What was the development of alternative sources of energy
caused by in the 1990s?
18) What has helped wind power capacity grow substantially over
the last 10 years?
19) What are the advantages of wind energy?
20) What are the disadvantages of wind machines?

38. Write a summary of Text D. Consult page 10.

Over to you
39. Discuss with your groupmates or in pairs:

1) What are the main problems with wind power usage in Belarus?

2) Is it possible to use energy from the wind for industrial pur-
poses in our Republic? Why? Why not?

3) What European countries actively utilize wind energy? Give
examples. (Find out additional information).
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Language Focus
40. Fill in the gaps with the words from the text.

1) Wind farms are considered to be ... of wind machines used to
produce ...

2) The types of wind machines are based on the direction of the
rotating ...

3) Many power plants are ... by business people who sell the elec-
tricity from the wind farm to ...

4) Good sites for wind plants are the tops of ... hills and mountain ...

5) Wind speed increases with ...

6) Many utilities around the U.S. offer ... to the customer to sup-
port alternative ...

7) Germany ... first in the world in wind power ...

8) The most serious environmental ... to the wind machines are
their negative effect on ...

41. Find the defined words in the text.

» The height of an object or structure above a reference level,
usually above sea level or the Earth’s surface.

» Afence ora line of trees that gives protection from the wind by
breaking its force.

» A company that performs a public service; subject to govern-
ment regulation.

» Energy or a substance given out by something.

» A tax deduction that is granted in order to encourage a particu-
lar type of commercial activity.

42. Fill in the correct prepositions, translate the phrases, then choose any
five items and make up sentences of your own.

1) air motion; 2) to be made  sth.; 3) land heats
more quickly; 4) air cools more rapidly ~ land; 5)  the same
way; 6) the wind blows  long  the sun shines; 7)  ancient

times; 8) to be famous _ sth.; 9) to slow __ the speed of the
wind; 10) to be connected _ sth.; 11) to be based _ the direction
of the axis; 12) blades thatgo ~ top  bottom; 13) tomake a

small percent; 14) to scatter  a large area; 15) to be owned
public utility companies; 16)  arule; 17) to vary  season
season; 18) tax breaks  renewable energy; 19) to pay  elec-

tricity that comes  renewable sources; 20)  response .
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43. Fill in the words listed helow.

a) production e) fraction
b) growing /) generated
¢) electricity g) year
d) larger h) times

In 2006, wind machines in the United States 1) a total
of 26,6 billion kWh per 2) of electricity, enough to serve
more than 2,4 million households. This is enough 3) to
power a city 4) than Los Angeles, but it is only a small
5) of the nation's total electricity 6) , about 0,4 per-
cent. The amount of electricity generated from wind has been
7) fast in recent years. In 2006, electricity generated from
wind was 21/28) more than wind generation in 2002. [9]

It’s important to know

44. Translate the following text into Russian in written form paying
attention to -ing forms.

Green pricing is an optional utility service that allows custom-
ers an opportunity to support a greater level of utility company in-
vestment in renewable energy technologies. Participating custom-
ers pay a premium (Harenka, Hagbaska) on their electric bills to
cover the incremental (MOCTeTIeHHO yBeNWYMBAKOIIUIiCH) cost of
the additional renewable energy. To date, more than 850 utilities,
including investor-owned, municipal utilities, and cooperatives, of-
fer a green pricing option.

Active Vocabulary

45. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

elevation water intake penstock
demand tailrace conductor
current loops load

field poles stator adjustment
gravity wicket gate

97



Verbs and verbal phrases

to attach
to rotate

Reading Task: Text £

46. Answer the following question and read the text helow to check
your answer.

How do we get electricity from water?

Hydroelectric Power: How It Works

So just how do we get electricity from water? Actually, hydro-
electric and coal-fired power plants produce electricity in a similar
way. In both cases a power source is used to turn a propeller-like
piece called a turbine, which then turns a metal shaft in an electric
generetor, which is the motor that produces electricity. A coal-fired
power plant uses steam to turn the turbine blades; whereas a hydro-
electric plant uses falling water to turn the turbine. The results are
the same (see Fig. 15).

DAM
Raises River Level
Creating Drop of

GENERATOR
Turmed by the
Turbine - Produces

Fig. 15. How hydroelectric power works
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The theory is to build a dam on a large river that has a large
drop in elevation. The dam stores lots of water behind it in the res-
ervoir. Near the bottom of the dam wall there is the water intake.
Gravity causes it to fall through the penstock inside the dam. At the
end of the penstock there is a turbine propeller, which is turned by
the moving water. The shaft from the turbine goes up into the gen-
erator, which produces the power. Power lines are connected to the
generator that carry electricity to your home. The water continues
past the propeller through the tailrace into the river past the dam.

As to how this generator works, the Corps of Engineers explains
it this way: “A hydraulic turbine converts the energy of flowing wa-
ter into mechanical energy. A hydroelectric generator converts this
mechanical energy into electricity. The operation of a generator is
based on the principles discovered by Faraday. He found that when
a magnet is moved past a conductor, it causes electricity to flow. In
a large generator, electromagnets are made by circulating direct
current through loops of wire wound around stacks of magnetic
steel laminations. These are called field poles, and are mounted on
the perimeter of the rotor. The rotor is attached to the turbine shaft,
and rotates at a fixed speed. When the rotor turns, it causes the field
poles (the electromagnets) to move past the conductors mounted in
the stator. This, in turn, causes electricity to flow and a voltage to
develop at the generator output terminals (see Fig. 16).”

Demand for electricity is not «flaty and constant. Demand
goes up and down during the day, and overnight there is less need
for electricity in homes, businesses, and other facilities. Hydroelec-
tric plants are more efficient at providing for peak power demands
during short periods than are fossil-fuel and nuclear power plants, and
one way of doing that is by using «pumped storage», which reuses
the same water more than once
(see Fig. 17, 18).

Pumped storage is a meth-
od of keeping water in reserve ¢ -ﬁ
for peak period power de- ool 4 g
mands by pumping water that “"“”A . Q‘”""""'s"‘"
has already flowed through the i -‘}Turbine
turbines back up a storage pool LR &
above the power plant at a time

when customer demand for
energy is low, such as during
the middle of the night. The
water is then allowed to flow

wiaket _{_.[r
l

il

| %
Al

Turbine Blndee

Fig. 16. Generator
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Fig. 17. Daytime: Water flows downhill Fig. 18. Nightime: Water pumped uphill
through turbines, producing electricity to reservoir for tomorrow’s use

back through the turbine-generators at times when demand is high
and a heavy load is placed on the system.

The reservoir acts much like a battery, storing power in the form
of water when demands are low and producing maximum power
during daily and seasonal peak periods. An advantage of pumped
storage is that hydroelectric generating units are able to start up
quickly and make rapid adjustments in output. They operate effi-
ciently when used for one hour or several hours. Because pumped
storage reservoirs are relatively small, construction costs are gener-
ally low compared with conventional hydropower facilities. [10]

Comprehension Check

47. Gomplete the following sentences according to the text.

1) Hydroelectric and coal-fired power plants produce electricity in ... .

2) The theory is to build a dam on a large river that has ... .

3) ... causes water to fall through the penstock inside the dam.

4) There is less need for electricity in homes, businesses, and oth-
er facilities ... .

5) Hydroelectric plants are more efficient at providing for peak
power demands during short periods than are ... .

6) An advantage of pumped storage is ... .

48. Answer the following questions and give examples.

1) What does a coal-fired power plant use to turn the turbine
blades?
2) What does a hydroelectric plant use to turn the turbine?
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3)
4)
5)
6)
7)
8)
9)

49.

50.

51.

Where is the water intake?

What is a turbine propeller turned by?

Does the generator produce the power?

Is demand for electricity «flaty and constant? Why? Why not?
What is «pumped storage»?

Does the reservoir act much like a battery? Why? Why not?
Why are construction costs generally low compared with con-
ventional hydropower facilities?

Translate the italicized passage in written form paying attention to
Passive Voice.

Find key words and phrases which best express the general meaning
of each paragraph.

Write a summary of Text E. Gonsult page 10.

Qver to you

52.

1)

2)

Discuss with your groupmates or in pairs:

Is it possible to use energy from water in our Republic? Why?
Why not?

What European countries actively utilize hydroelectric power?
Give examples. (Find out additional information).

Language Focus

53.

1)
2)
3)
4)
5)
6)
7)
8)
9)

Combine the words from the column on the left with the suitable nouns
from the column on the right. Translate them into Russian.

similar a) intake

metal b) generator
water c) way

turbine d) shaft
hydroelectric e) propeller
magnetic f) load

field g) poles

fixed h) power demand
peak period i) storage
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10) heavy 7) adjustment

11) pumped k) steel laminations
12) rapid 1) hydropower facilities
13) conventional m) speed

54. Choose the contextual meanings of the words written in bold in Text E.

1. turns
a) TIOBOPAYMBATH c) oudepens
b) Bpamarscs d) o6opor
2. stores
a) 3amac C) HakalIuBaTh
b) cuabxars d) peseps
3. gravity
a) CHIIa TSOKECTH ¢) Te4Yb CAMOTECKOM
b) mmorHOCTH d) cepsesnocth
4. past
a)  TPOULIBIE C) HCTEKIINH
b)  mo Ty cropony d) mwmmo
5. operation
a) yIIpaBlcHUE ¢) neiicrBue
b) mnporecc d) omnepanus
6. reserve
a) 3amacarb C) 3anacHO#
b) s3amac, peseps d) mnpennaznauare
7. demand
a) Harpyska ¢) TpeboBarh
b) cmpoc d) Hyxnarscs
8. acts
a) JIeUcTBUE c) paborars
b) BmousaTH d) mnpexcraBusTH

55. Form the nouns from the following verbs.

to generate — ... to turn —... to adjust —...
to elevate —... to demand —... to store —...
to conduct —... to facilitate —... to move —...
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56. Form the verbs from the following nouns.

connection — ... explanation —... conversion —...
attachment —-... rotation —... allowance — ...
operation —-... comparison —... circulation —...

57. Fill in the correct prepositions, translate the phrases, then choose any
five items and make up sentences of your own.

1)  asimilarway;2)  both cases; 3)adrop  elevation; 4) to
fall  the penstock; 5) the shaft  the turbine; 6) the shaft goes
up  the generator; 7) to be connected  the generator; 8) to
carry electricity ~ one’s home; 9) to convert the energy of flowing
water  mechanical energy; 10) to be mounted  the perimeter
of the rotor; 11) need  electricity; 12) to flow  the turbines
back  astorage pool  the power plant; 13) to place load
the system; 14) to start ~ quickly; 15) to compare  sth.

Active V lar

58. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

blend carbon dioxide sulfur dioxide
particulates nitrogen oxides auto ignition
engine torque mitigation feedstock
exhaust odor flashpoint

Verbs and verbal phrases Adjectives
to blend lubricating

59. Translate ahbreviations.

EPA (Environmental Protection Agency) —
CBO (Congressional Budget Office) —
USDA (Department of Agriculture) —
USDD (Department of Defense) —

103



Reading Task: Text F

60. Read the first paragraph of Text F and answer the questions.

1) What is biodiesel?
2) Who developed the first diesel engine? When?

61. The rest of the text “What is Biodiesel?” is in the jumbled order. Look
at the plan of the text, read the parts and number them in the correct
order according to the plan.

Plan:

1. Properties of Biodiesel.
2. Advantages of Biodiesel.
3. Biodiesel Impact.

What is Biodiesel?

Biodiesel is the name for a variety of ester-based oxygenated
fuels made from Hemp oil, other vegetable oils or animal fats.
The concept of using vegetable oil as an engine fuel dates back to
1895 when Dr. Rudolf Diesel developed the first diesel engine to
run on vegetable oil. Diesel demonstrated his engine at the World
Exhibition in Paris in 1900 using peanut oil as fuel.

O An important factor that is not usually considered when cal-
culating the costs and benefits of industrial feedstock materials is
the macroeconomic effect associated with domestically produced,
renewable energy sources. Economic benefits of a biodiesel indus-
try in the US would include value added to the feedstock (oilseeds
or animal fats), an increased number of manufacturing jobs, an in-
creased tax base from plant operations and income taxes, invest-
ments in plant and equipment, improvement of trade balance, and
reductions in health care costs due to improved air quality and
greenhouse gas mitigation.

Biodiesel has positive impacts on the state economy. An lowa
State University study concluded that three economic benefits
would accrue to state from biodiesel. First, biodiesel expands de-
mand for soybean oil, causing processors to pay more for soybeans.
In addition, soybean farmers near the biodiesel plant would receive
slightly higher prices for soybeans; and third, the presence of a fa-
cility that creates energy from soybeans would add value to the
state’s industrial and income base.
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Dr. Hayes concluded that, “If the state of lowa were to man-
date the use of a 20% biodiesel blend in its state vehicle fleet where
feasible, the total additional cost of this policy would range from
$400,000 to $500,000. If it could be shown that this policy would
result in a new five million gallon biodiesel plant in the state, then
the policy would create more new tax revenues than it would cost
and would clearly be in the best interest of the state.”

Biodiesel has positive implications for production agriculture.
A 1996 economic study published by the USDA Office of Energy
predicted that a modest, sustained annual market for biodiesel of
100 million gallons in the US would contribute approximately sev-
en cents to the price of each bushel of soybeans produced in the
US. Based on last year’s harvested crop, the increase could have
resulted in more than $168 million directly to the use of biodiesel.

Biodiesel has a positive impact on the world balance of trade.
A 1998 biodiesel lifecycle study jointly sponsored by the US Depart-
ment of Energy and the European Department of Agriculture con-
cluded that increased use of biodiesel and biodiesel blended fuels
such as B20 would substantially benefit the world economy. The re-
port concluded that national spending to import petroleum sends sig-
nificant amounts of dollars out of our domestic economy every year.

Biodiesel offers the potential to shift this spending from for-
eign imports to domestically produced energy. The report notes:
“With its ability to be used directly in existing diesel engines, biod-
iesel offers the immediate potential to reduce our demand for pe-
troleum in the transportation sector.”

Biodiesel contributes jobs to the local economy. Economic
work conducted at the University of Missouri estimated the bene-
fits of producing biodiesel in a metropolitan region. This study
concluded that 100 million gallons of biodiesel production could
generate an estimated $8,34 million increase in personal income
and over 6,000 additional temporary or permanent jobs for the met-
ropolitan region.

o Today’s diesel engines require a clean-burning, stable fuel
that performs well under a variety of operating conditions. Biodie-
sel is the only alternative fuel that can be used directly in any exist-
ing, unmodified diesel engine. Because it has similar properties to
petroleum diesel fuel, biodiesel can be blended in any ratio with
petroleum diesel fuel. Many federal and state fleet vehicles are al-
ready using biodiesel blends in their existing diesel engines.
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The low emissions of biodiesel make it an ideal fuel for use in
marine areas, national parks and forests, and heavily polluted ci-
ties. Biodiesel has many advantages as a transport fuel. For exam-
ple, biodiesel can be produced from domestically grown oilseed
plants such as Hemp.

O Biodiesel is the only alternative fuel that runs in any con-
ventional, unmodified diesel engine. It can be stored anywhere that
petroleum diesel fuel is stored.

Biodiesel can be used alone or mixed in any ratio with petro-
leum diesel fuel. The most common blend is a mix of 20% biodie-
sel with 80% petroleum diesel, or “B20.”

The lifecycle production and use of biodiesel produces approxi-
mately 80% less carbon dioxide emissions, and almost 100% less
sulfur dioxide. Combustion of biodiesel alone provides over a 90%
reduction in total unburned hydrocarbons, and a 75-90% reduction
in aromatic hydrocarbons. Biodiesel further provides significant
reductions in particulates and carbon monoxide than petroleum
diesel fuel. Biodiesel provides a slight increase or decrease in ni-
trogen oxides depending on engine family and testing procedures.
Based on Ames Mutagenicity tests, biodiesel provides a 90% re-
duction in cancer risks.

Biodiesel is 11% oxygen by weight and contains no sulfur.
The use of biodiesel can extend the life of diesel engines because it
is more lubricating than petroleum diesel fuel, while fuel consump-
tion, auto ignition, power output, and engine torque are relatively
unaffected by biodiesel.

Biodiesel is safe to handle and transport because it is as biode-
gradable as sugar, 10 times less toxic than table salt, and has a high
flashpoint of about 300 F compared to petroleum diesel fuel, which
has a flash point of 125 F.

Biodiesel can be made from domestically produced, renewable
oilseed crops such as Hemp.

Biodiesel is a proven fuel with over 30 million successful
US road miles, and over 20 years of use in Europe.

When burned in a diesel engine, biodiesel replaces the exhaust
odor of petroleum diesel with the pleasant smell of Hemp, popcorn
or french fries.

The Congressional Budget Office, Department of Defense,
US Department of Agriculture, and others have determined that
biodiesel is the low cost alternative fuel option for fleets to meet
requirements of the Energy Policy Act. [14]

106



Comprehension Check

62. Complete the following sentences according to the text.

1) Biodiesel is ...
2) Dr. Rudolf Diesel developed the first diesel engine ...
3) His engine was demonstrated ...
4) Today’s diesel engines require ...
5) Biodiesel can be blended in any ratio with ...
6) The low emissions of biodiesel make it an ideal fuel forusein ...
7) The most common blend is a mix of ...
8) The lifecycle production and use of biodiesel produces ...
9) Biodiesel further provides significant reductions ...
10) The use of biodiesel can extend ...
11) Biodiesel is safe to handle and transport because ...
12) Biodiesel can be made from ...
13) The Congressional Budget Office, Department of Defense, US
Department of Agriculture, and others have determined that ...
14) Economic benefits of a biodiesel industry would include ...

63. Answer the following questions and give examples.

1) What are the main properties of Biodiesel?

2) How many advantages of Biodiesel were mentioned in the
text?

3) What is the macroeconomic effect of Biodiesel?

4) What implications for production agriculture does Biodiesel
have?

5) What is its impact on the world balance of trade?

6) Is Dr. Hayes’ conclusion positive or negative? Why? Why not?

7) Was the article written by an American or by a citizen of an-
other country? Why do you think so?

64. Fill in the table according to the Text F.

Properties of Advantages

Biodiesel of Biodiesel Biodiesel Impact

perform well; S R -
can be used in any
diesel engine; ...;

ceng e
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65. Find key words and phrases which best express the general meaning

of each paragraph.

66. Make an oral report on Text F. Consult pages 29-30.

Qver to you

67. Discuss with your groupmates or in pairs:

1) What plants can be used for biomass production in our Republic?
2) Would you fuel your vehicle with biofuel? Why? Why not?

Language Focus

68. Match the English and Russian equivalents.

1) operating conditions

2) in any ratio
3) marine areas

4) agricultural revenue

5) thorough inventory
6) cancer risk

7) industrial feedstock

8) significant reductio
9) income base

10) transportation sector

n

69. Fill in the table with the derivatives.

YCIIOBHSL OKCILTyaTally
pudpexuble obaacTu
TIIATENIFHOE UCCIIC0BaHME
B JIFOOBIX IIPOIIOPIHAX
IIPOMBIIIIICHHOE CHIPbE
OCHOBA JI0X0/1a
TPAHCIIOPTHOE XO351CTBO
PUCK PaKOBBIX 3a00JI€BaHUM
3HAYUTCIIbHOC CHIDKCHUC
TOCyI1apCTBCHHBIC J0XOIbI
OT CENBCKOrO XO3AUCTBA

Noun Verb Adjective
1) to blend
2) emission
3) extended
4) combustion
5) to reduce
6) sustainable
7) to contribute
8) wvalue
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70. Match the synonyms.

1) to develop
2) to demonstrate
3) to perform
4) to blend
5) advantage
6) conventional
7) revenue
8) receive
9) to reduce
10) to store
11) to predict
12) to estimate

71. Match the opposites.

1) blend

2) domestic
3) temporary
4) import

5) immediate
6) safe

7) slight

8) increase
9) proven
10) include

Language Development

a) to show

b) toinvent
¢) to obtain
d) to operate
e) to calculate
f) to forecast
g) to mix

h) to income
i) to accumulate
j) toshorten
k) benefit

1) standard

a) considerable
b) foreign

¢) doubted

d) separate

e) decrease

f) distant

g) permanent
h) exclude

1) export

J) dangerous

72. Fill in the gaps with the omitted words.

a) visual f difficult k) blades
b) speeds g) operational ) windy
c) withstand h) harnessing m) grid
d) duration i) marine n) CO,
e) renewable ) offshore
The use of wind as a 1) energy source involves the
2) of power contained in moving air. There are currently

over 1000 wind turbines connected to the 3)
0.4% of the UK's power, preventing the emission of over one mil-

, producing
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lion tonnes of 4) a year. Although the majority of wind
farm sites are currently located on land, the positioning of such
developments is 5) , as they need to be in 6) areas
such as hills and open countryside, but are often considered to be
unacceptable in terms of 7) impact. In order to allow the
continued development of the industry, a series of offshore wind
farms are now being developed. There are some frequently asked
questions: What if there’s a storm at sea? 8) turbines are
warranted and tested to 9) extreme wind conditions. In the
event of severe weather, the 10) turn out of the wind and
will slow down for safety reasons when wind 11) reach 50
miles per hour and above. Will they affect marine life? There are
three significant stages of a wind farm from the point of view of
12) life: construction, operation and decommissioning.
Construction and decommissioning have the potential to generate
the most amount of disturbance. However, it should be noted that
the 13) of the construction and decommissioning will be
about 6 months only. For the 20-year 14) period there are
no known impacts on marine life. [14]

73. Translate the sentences from Russian into English.

A. Haunnas ¢ 1970-x rr., 11epejioBble IIPOEKThI adpOAUHAMUKN
HCIIOJIB30BAJIMCE JIJIsl IIOCTPOCHHUS BETPSHBIX TYpOHH, KOTOpEIC
IIPOU3BOJIAT 3NeKTpudecTBO. CaMmast KpyImHas U3 HUX, IIOCTPOCHHAs
Ha ["aBaiisx, nMeeT 1Ba KpblIa, Kaxjoe no 50 M B JUIMHY, IIPUKpe-
IIJICHHBIX K BBICOKOW 20-3TaxkHoil Oamue. OTNENbHBIE TYpOUHBI
JaCTO CTPYNIIMPOBAHB!I B CTPATETHYECKN BAXHBIX MECTaxX (BETps-
HEIe (epMBI), 4TOOBI MAKCUMAIBHO YBETUYUTH TPOU3BOICTBEHHBIH
MOTEHIMAN. DHEPIus BETpa — JEIIEBBIA CIOCO0 MOMydYeHUs BO-
300HOBIIIEMOM SHEPTUHU, HO IIOKA YTO OH HE MOXKET IIPOU3BOJUTH
JOCTATOYHOE KOJIMYECTBO dJSKTPHUIECTBA JIJIs 00eCIIedeHUS Peab-
HOM aNbTepHATUBHI TOIUIMBHBIM M aTOMHBIM 3JIEKTPOCTAHIIVSIM.

b. T'eHeparop — yCTpOWCTBO, BEIpa0aTHIBAIOIIEE SHEPTHUIO IIy-
TEM IIPpeoOPa30BaHUS SHEPIUK TyPOUH WY JIBUTATEINSI BHyTPEHHE-
IO CTOPAHUA B DJIEKTPUIECTBO, UCIIONB3YS JNEKTPOMATHUTHYIO WH-
naykmuro. CyInecTByer jiBa THIIA TE€HEPATOPOB: IIEPEMEHHOTO U II0-
CTOSHHOTO TOKA. KaXk/IpIi M3 HIX MMEeT BPAIAOILy OCs 9acTh, UTO
TIPUBONT K MTOSBIICHUIO B MATHUTHOM IIOJI€ BIEKTPUIECKOTO TOKA.

B. TI'mapodnexTpodHEPrus — JHEKTPUYECTBO, MOIYyYaeMOe B
pesynbTare IBMKEHUsA BOJbl. C IIOMOIIBI0 000PYyIOBAHUS SHEPTHUs
JOBWKCHUS (WITM KUHETHYecKas dHEPrus), CHadalla IpeBpalaceTcs
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B MEXAHUYECKYIO BO BPAIIAOIIUXCS JIONACTIAX BOJISHOU TypOHHEI,
3aTeM — B DIIEKTPUUYECTBO IIOCPEACTBOM POTOpa reueparopa. MHO-
THe DIEKTPOCTAHIINY [IPUBOJSTCS B JABUKCHHUE BOJOH, BBIIIyCKae-
MO U3 IIII030B IIJIOTHH I PETyIUPOBAHUS BOJHOTO II0TOKA.

I. TypOuna — ycTpoHCTBO, KOTOPOE BpAILACTCS C IIOMOIIBIO
JIBAXKYIIEHCS )XUKOCTH nitk ra3a. COBpeMEHHBIN BApUAHT BOIHOMN
TypOUHBI — DTO MHOT'OJIONIACTHBII IIPOIIeIUIep, KOTOPBINA UCIIOJB3Y-
eTcs A BBIPAOOTKM THAPOINIEKTpUYecTBa. B alekTpocTaHnusX,
KOTOpPbIE JJIA IIPOM3BOACTBA DJIEKTPUUECTBA CXKHUIAOT TOILINBO,
DHeprus, BeIpabaTeiBaeMast IIpy CrOPAHUH, IIPUBOJIUT BO BpallleHUE
JIOTIACTH PEaKTUBHBIX I1ApOBEIX TypOuH. Bpamasice, TypOuHbI Ipu-
BOJAT B JIBIDKCHUE I'€HEPATOPBI, KOTOPBIE U IIPOU3BOASAT JIIEKTPU-
4yecTBO. BerpsiHble reHepaTopbl BBIPAOATHIBAIOT DIIEKTPUYECTBO,
KOT/Ia BETEpP BPAIACT POTOPEI.

M. buomacca — oquH U3 crapeimuX HUCTOYHUKOB DHEPrUU.
OyHako /10 HEJAaBHETO BPEMEHH €ro HCIIONb30BaJM JIMIIb JUJI He-
IIOCPEJICTBEHHOTO CXKUTaHMUS Ha OTKPBITOM MECTHOCTU HIIM B IIe-
yax. Takum o6pa3oM, pe3yasraTUBHOCTS Oblla 04eHb HU3KoH. [1o3-
ke 6Gobliiee BHUMAHUE CTANM YHCNATh dPGEKTUBHOCTU HCIIONE-
30BaHUs Ouomacchl Jjis dHepreTuueckux Ieneidl. OCHOBHBIMU
IIPEUMYIIEeCTBAMHU DTOIO BO3OOHOBIISIEMOI0 HCTOYHUKA SBISIOTCS:
HCIIOJIB30BAHKUE PACTUTENBHOM OHOMacchl, KOTOpas IIOCTOSHHO
BO30OHOBIISIETCS; DHEPreTUHYECKOE HCIIONB30BAaHUE OTXOAOB Ha-
CTHUYHO pelaeT Ipo0JIeMbl, CBA3AHHBIEC C 3arPA3HEHUEM OKpyXka-
IOIIEH Cpejlbl; HOBEUIINE TEXHOJOIMHU II03BOJSIOT CHENaTh MC-
oIIb30BaHMe GuoMaccsl Hauboinee 3 PeKTUBHBIM.

E. TeorepmarnbHas SHEPrus — 3aMackl IyOUHHOTO TEIa 3eM-
1. O6pasyeTcs B pe3ybTare PaJioaKTHBHOCTH KOPBI 3eMIIA U JIBU-
XKCHUS TCKTOHNYCCKUX IIIIUT. BI)IXO[[I/IT Ha IIOBEPXHOCTH BO BPEMA
HU3BEPXKEHUSA BYNKAHOB. ['ef3epbl — Takke ONHO U3 MPOSBICHUU
BYJIIKaHHU3MaA. MoxeT OBITH HCIIONB30BAHA KaK UCTOTHUK OHEPTUN
JJIA IPOM3BOJICTBA DIICKTPUICCTBA.

Follow Up

74. Read the texts of Unit IV again and make notes under the following
headings. Then use your notes to talk about Alternative Sources of
Energy. You may add your topic with extra information about alternative
sources of energy.

1. A difference between renewable and non-renewable energy
sources.
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2. Itis important to develop alternative energy sources.
3. How Solar Energy works.

4. Energy from Wind.

5. Hydroelectric Power: how it works.

6. What is Biodiesel and its advantages.

REVIEW

Check Your Knowledge

1.

112

Here’s a quiz to test your energy knowledge.

Most of the energy we use originally came from ...
a) the sun ¢) the soil
b) the air d) the oceans

Electrical energy can be produced from ...

a) mechanical energy  ¢) radiant energy
b) chemical energy d) all of the above

Which uses the most energy in American homes each year?

a) lighting ¢) heating and cooling rooms

b) water heating d) refrigeration

The U.S. consumes lots of energy. Which fuel provides the
most energy?

a) petroleum ¢) natural gas

b) coal d) solar

Coal, petroleum, natural gas, and propane are fossil fuels. They
are called fossil fuels because: ...

a) they are burned to release energy and they cause air pollution;
b) they were formed from the buried remains of plants and
tiny animals that lived hundred of millions of years ago;

c) they are nonrenewable and will run out;
d) they are mixed with fossils to provide energy.

Which fossil fuel is refined to produce gasoline?

a) natural gas c) petroleum

b) coal d) propane

Propane is used instead of natural gas on many farms and in
rural areas. Why is propane often used instead of natural gas?
a) its safer c) its cleaner

b) its portable d) its cheaper



8. Natural gas is transported mainly by ...

a) pipelines ¢) barges
b) trucks d) all three equally
9. Which gas in the atmosphere causes global warming?
a) ozone ¢) carbon dioxide
b) sulfur dioxide d) nitrous oxide

10. Solar, biomass, geothermal, wind, and hydropower energy are
all renewable sources of energy. They are called renewable be-
cause they ...

a) are clean and free to use;

b) can be converted directly into heat and electricity,

¢) can be replenished by nature in a short period of time;
d) do not produce air pollution.

11. Today, which renewable energy source provides the world with
the most energy?

a) wind c) geothermal
b) solar d) hydropower
12. Electricity is the movement of ...
a) atoms ¢) electrical power
b) molecules d) neutrons

13. In a nuclear power plant, uranium atoms ...

a) combine and give off heat energy;
b) split and give off heat energy;

c) burn and give off heat energy;

d) split and give off electrons.

2. Translate these phrases into English.

A. 3amyckaTh TEHEPaTOphl, aKBATHYECKUE OTXOJBI, OIPaHU-
YeHHOE KOJMYECTBO, OCHOBHON HCTOYHHUK DHEPrUH, OONbIIMe
YYACTKU 3eMITH, aKKyMYITUPYROINAs CIIOCOOHOCTh, DHEPTUS COIH-
113, BOCIIONIE30BATHCS IIPEUMYIIIECTBOM, IIINPOKO JOCTYIHEIH, IIPO-
W3BOJINTH HEIIOCPEICTBEHHO, IIOBEPXHOCTh 3EMIIM, IIPU HAJJIekKa-
IIIEM NIPOEKTUPOBAHNY, AKTUBHO HAKAIUIMBATH ¥ COXPAHSITH, HAarpe-
Tast XHUAKOCTh, BOJHO-CIIMPTOBOM PacTBOP, MIPEJAOTBPAIATH 3aMO-
paXUBaHWE, 3HAYUTENBHBIM POCT, TPAAUIIMOHHBIC CUCTEMBI,
TOCYJIapCTBEHHBIE JIOXO/BI OT CENBCKOTO XO3SAHCTBA, TIATENBFHOE
WCCIEI0BAHME, IIPOMBIIIIIEHHOE CHIPBE, TPAHCIIOPTHOE XO3ANUCTRO,
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3HAYUTENILHOE CHIXKCHHUE, YCIIOBUA JKCILTYaTalluy, DHEPIUs BETpa,
COCTaBIATH HEOOJIBIION IIPOLICHT.

b. Berpsnas MenbHUIA — MEXAHU3M, IIPUBOJVMBIN B JBIDKCHUC
BETPOM, JCHCTBYIOLMM Ha Ilapyca iy Jioracty. CamMble paHHHUE Be-
TPSAHBIC MEJIBHUIBI NOABUIMCH Ha bimnkueM Boctoke B VII Beke.

3. Study the diagram (see Fig. 19). It shows one method of converting wave
energy into electrical power. Decide how it works and make Task 4.

lurbone
583 water chamber

il : s
| E pisbons flexible disk \'\

sea water pipes

Fig. 19. Converting wave energy into electrical hower

4. Read the following presentation and fill it in with the words listed
below.

a) seabed d) rotates g) high
b) chamber e) renewable h) turbine
¢) down ) energy i) pistons

Wave Energy Converter

Definition: system for converting (1) from sea waves
into electrical power

Location: fixed to the (2)

Main components: a flexible disk, a (3) which takes in
sea water, a set of (4) , many sea water pipes, a (5) on
the land

Operation: wave oscillates — pushes disc (6) — lever
oscillates — reciprocating pumps push water through pipe at
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(7)  — lever oscillates pressure — turbine (8) ~— gen-
erates electricity

Benefits: Wave energy is a (9) energy resource; uses no
fossil fuels [1]

5. Translate the text into Russian in written form.

Different Natural Sources of Energy

We all know that the earth has limited stock of non-renewable
sources of energy like coal and oil. On the other hand, renewable
energy sources like solar energy, wind energy, bio-gas is available
in unlimited quantities and can thus, help us solve the energy crisis
that might arise in the future.

Alternative sources of energy are a key towards future power
generation. With the increasing green house emission rates and
with ever growing global warming, it is now the responsibility of
every citizen and the government to deal with the energy problems
seriously. Alternative energy sources help in energy production.So-
lar power generators are even capable of meeting our transporta-
tion needs. Wind and hydro power can be used to run machines and
thus, generate electricity. [6]



W |UNITV
| NUCLEAR POWER

Fig. 20. Nuclear power station [11]

Start here

1. Choose the right word.

1) Nuclear power is (reduced / generated / increased) using Ura-
nium, which is a metal mined in various (parts / kinds / stages)
of the world.

2) The first large-scale nuclear power station (demolished /
closed / opened) at Calder Hall in Cumbria, England, in 1956.

3) Some (cargo / civil / military) ships and submarines have nu-
clear power plants for (chambers / engines / fission).

4) (Metal / Concrete) plays an important role in containing (nu-
clear / radioactive) materials.

2. Join the blocks in the right order.

lear fissi team furn electrical pow-
nuc ekar SSIOI § f bin s er sent around
makes heat urbines country
heat water to turbines turn
make steam generators
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Active V lar

3. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

coolant torrent
image coal-burning

Verbs and verbal phrases

to flicker to praise
to invoke to emit

Adjectives Adverbs

impressive overall
cosmic

Reading Task: Text A

4. Answer the following question and read the text below to check your
answer.

Why can nuclear power be considered as an alternative to fossil fuels?

When you hear the words “nuclear power”, different images may
flicker through your mind: concrete coolant towers emitting torrents
of steam (Fig. 21) or a mushroom cloud rising high into the sky.

Some people praise the technology as a low-cost, low-emission
alternative to fossil fuels, while others stress the negative impact of
nuclear waste and accidents such
as Three Mile Island and Cher- E
nobyl. There’s a lot of discussion
out there about nuclear power’s
role in our lives, but what’s go-
ing on at the heart of these power
plants?

As of July 2008, there were _—
more than 430 operating nuclear §Es, '.*‘{{“:; iy R )
power plants and, together, they oy ) ' -“\':‘
provided about 15 percent of the




world’s electricity in 2007. Of these 31 countries, some depend
more on nuclear power than others. For instance, in France about
77 percent of the country’s electricity comes from nuclear power.
Lithuania comes in second, with an impressive 65 percent. In the
United States, 104 nuclear power plants supply 20 percent of the
electricity overall, with some states benefiting more than others.

Despite all the cosmic energy that the word “nuclear” invokes,
power plants that depend on atomic energy don’t operate that dif-
ferently from a typical coal-burning power plant. Both heat water
into pressurized steam, which drives a turbine generator. The key
difference between the two plants is the method of heating the wa-
ter. While older plants burn fossil fuels, nuclear plants depend on
the heat that occurs during nuclear fission, when one atom splits
into two. [11]

Comprehension Check

5. Answer the following questions and give examples.

1) What are people’s opinions related to nuclear power?

2) What accidents make them feel negative?

3) How many countries depend on nuclear power?

4) What do statistics of 2008 show?

5) What countries depend on nuclear power more than others?

6) What is the same about nuclear power and coal-burning power

plants?

7) What is the key difference between them?

8) What is fission?

9) When you hear the words “nuclear power”, what do you imagine?
10) Is there any difference between words “nuclear” and “atomic™?

6. Decide whether the following statements are true or false according to
the text.

1) The technology of nuclear power is a low-cost, low-emission
alternative to fossil fuels.

2) It doesn’t produce any negative impact.

3) According to data of July 2008, there were more than 430 op-
erating nuclear power plants.

4) They provided more than 15 percent of the world’s electricity
in 2008.
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5) In France about 77 percent of the country’s electricity comes
from nuclear power.

6) In Baltic republics nuclear power plants supply 65 percent of
the electricity overall.

7) In the United States some states benefit more than others.

8) Power plants that depend on atomic energy don’t operate that
differently from a typical fuel-burning power plant.

9) Coal-burning power plant heats water into pressurized steam,
which drives a turbine generator.

10) Nuclear plants depend on the heat that occurs during nuclear

fusion.

7. Write a summary of Text A. Consult page 10.

Qver to you

8. Discuss with your groupmates or in pairs:

1) What are the consequences of the explosion at the Chernobyl
nuclear power station in 1986 for Belarus?

2) Is it safe to live on the territory of Belarus currently? Why?
Why not? (Find out additional information).

Language Focus

9. Match the English and Russian equivalents.

a) to flicker through 1) u3BNEKATh IONB3BI
one’s mind 00JIBIIE OCTATBHBIX
b) concrete coolant towers 2) TIAaBHOE OTIUYHE
¢) torrents of steam 3) rpuboBHAHOE 00NAKO
d) amushroom cloud 4) TpaHAHO3HAS SHEPrUs
e) to praise the technology 5) TpOMENBKHYTH B TOJIOBE
f) to benefit more than others 6) map o JAaBlieHHEM
g) cosmic energy 7) nOTOKHU mapa
h) pressurized steam 8) Ttypboreneparop
1) the key difference 9) UPEeBO3HOCUTH TEXHOIIOTUIO
]) aturbine generator 10) GeToHHBIC OXIAAUTEIBHBIC
OamHu
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10. Match the terms with their definitions.

a) power e) fusion
b) alternative f) negative
¢) waste g) turbine
d) fission h) generator

1) the act or process of fusing or melting together;

2) any of various types of machine in which the kinetic energy of
a moving fluid is converted into mechanical energy by causing
a bladed rotor to rotate;

3) ameasure of the rate of doing work expressed as the work done
per unit time. It is measured in watts, horsepower, etc;

4) any device for converting mechanical energy into electrical en-
ergy by electromagnetic induction, esp a large one as in a pow-
er station;

5) anything rejected as useless, worthless, or in excess of what is
required;

6) a possibility of choice, esp between two things, courses of ac-
tion, etc;

7) the act or process of splitting or breaking into parts;

8) lacking positive or affirmative qualities.

It’s important to know

11. Translate the text into Russian in written form paying attention to
active vocabulary.

What is a Difference Between Atomic
and Nuclear Energy?

Nuclear energy or atomic energy is the type of energy that
comes from the nuclei of atoms. Both protons (positive electric
charge) and neutrons (neutral) are found in the nucleus of an atom.
The nucleus contains most of the mass of an atom. Energy is re-
leased any time there is a change in an atom’s nucleus.

But “atomic energy” is really a misnomer for nuclear energy.
It is the fission of the nucleus which causes energy to be released.
At the atomic level we are dealing with chemical reactions, but in
the early days people did talk of atomic power and atomic bombs.
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Active V lar

12. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases
half-life lead chain
photon capturing equation E = mc?
Verbs and verbal phrases Adjectives
to undergo enriched
to eject handy

induced

13. Read the following international words and mind the stressed syllables.

uranium neutron million electron volts
percent proton gamma radiation
isotope spontaneous beta radiation

alpha radiation picoseconds plutonium

Reading Task: Text B

14. Answer the following question and read the text below to check your
answer.

What is the difference between fission and fusion?

Nuclear Fission

Everyone from comic book writers to theoretical physicists
have characterized the splitting of the atom as the ultimate act of
man playing God, so it’s easy to forget that nuclear fission happens
naturally every day. Uranium, for example, constantly undergoes
spontaneous fission very slowly. This is why the element emits ra-
diation, and why it’s a natural choice for the induced fission that
nuclear power plants require.

Uranium is a common element on the Earth. It’s been around
since the planet formed. Uranium-238 (U-238) has an extremely
long half-life (the time it takes for half its atoms to decay) of 4,5
billion years. Therefore, it’s still present in fairly large quantities.
U-238 makes up 99 percent of the uranium on Earth, while urani-
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um-235 (U-235) makes up about 0,7 percent of the remaining ura-
nium found naturally. Uranium-234 is even rarer, formed by the
decay of U-238. U-238 goes through many stages of decay in its
life span, eventually forming a stable isotope of lead, so U-234 is
just one link in that chain.

Uranium-235 has an interesting property that makes it handy
for the production of both nuclear power and nuclear bombs. U-235
decays naturally, just as U-238 does, by alpha radiation: it throws
off an alpha particle, or two neutrons and two protons bound to-
gether. U-235 also undergoes spontaneous fission a small percent-
age of the time. However, U-235 is one of the few materials that
can undergo induced fission. If a free neutron runs into a U-235
nucleus, the nucleus will absorb the neutron, become unstable and
split immediately.

As soon as the nucleus captures the neutron, it splits into two
lighter atoms and throws off two or three new neutrons (the num-
ber of ejected neutrons depends on how the U-235 atom splits).
The process of capturing the neutron and s2plitting happens very
quickly, on the order of picoseconds (1x10!2 seconds).

The decay of a single U-235 atom releases approximately
200 MeV (million electron volts). That may not seem like much,
but there are a lot of uranium atoms in a pound (0,45 kg) of urani-
um. So many, in fact, that a pound of highly enriched uranium as
used to power a nuclear submarine is equal to about a million gal-
lons of gasoline.

The splitting of an atom releases an incredible amount of heat
and gamma radiation, or radiation made of high-energy photons.
The two atoms that result from the fission later release beta radia-
tion (super fast electrons) and gamma radiation of their own as
well. The energy released by a single fission comes from the fact
that the fission products and the neutrons, together, weigh less than
the original U-235 atom. The difference in weight is converted di-
rectly to energy at a rate governed by the equation E = mc?.

However, for all of this to work, a sample of uranium must be
enriched so that it contains 2 to 3 percent more U-235. Three-per-
cent enrichment is sufficient for nuclear power plants, but weap-
ons-grade uranium is composed of at least 90 percent U-235. [11]

What about plutonium?

Uranium-235 isn’t the only possible fuel for a power plant.
Another fissionable material is plutonium-239. Plutonium-239 is
created by bombarding U-238 with neutrons, a common occur-
rence in a nuclear reactor.
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Comprehension Check

15. Complete the following sentences according to the text.

1) Uranium constantly undergoes... .

2) U-238 has an extremely long half-life of ... .

3) U-238 makes up ... of the uranium on Earth.

4) U-235 is one of the few materials that ... .

5) As soon as the nucleus captures the neutron, it ... .

6) The decay of a single U-235 atom releases ... .

7) A pound of highly enriched uranium is equal to ... .

8) The splitting of an atom releases ... .

9) The two atoms that result from the fission later release ... .
10) The energy released by a single fission comes from the fact

that ... .

16. Answer the following questions and give examples.

1) What is a half-life of U-238?

2) What is the share of U-238 of the uranium on Earth?

3) What is the share of U-235?

4) What makes U-238 handy for the production of nuclear power
and nuclear bombs?

5) How quickly does the process of capturing the neutron and
splitting happen?

6) How many volts does the decay of a single U-238 atom release?

7) What does the splitting of an atom release?

8) A sample of uranium has to be enriched so that it contains 2 to
3 percent more U-235 to work, hasn’t it? Why? Why not?

9) Is U-235 the only possible fuel for a power plant? Why? Why not?

10) What is the other fissionable material?

17. Find key words and phrases which best express the general meaning
of each paragraph.

18. Write down an abstract of Text B in 1-2 sentences. Consult page 14.

ver {

19. Describe the process of nuclear fission using the picture below (see Fig. 22).
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Language Focus

20. Fill in the correct prepositions, then translate phrases into Russian.

1) to be formed ... the decay; 2) to go ... many stages; 3) to split

. 4) ... fact; 5) to be equal ...; 6) amount ... heat; 7) to come ...
the fact; 8) the difference ... weight; 9) to convert ... a rate; 10) to
be composed ... .

21. Translate these phrases into English using words from the hox below.
Think of the contextual meaning of the words.

at a rate, to throw off, as well, at least, to be around, to go
through, to run into, to make up, on the order of, therefore

1) Hax0aUThC, 2) 1O 3TOW NPUYKMHE, 3) COCTABINATD, 4) IPOXOAUTE,
5) BBLIENATH, 6) CTANKMUBaTbesa, 7) HPUOIM3UTENBHO, 8) Takxke,
9) c noxazaresneM, 10) o xpaiiHeil Mepe.

22. Gombine the words from the column on the left with the suitable nouns
from the column on the right.

1) theoretical a) occurrence
2) to emit b) material
3) large ¢) plant

4) ejected d) physicists
5) fission e) quantities
6) power f) neutrons
7) fissionable g) physicists
8) common h) radiation
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Active V lar

23. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

criticality kernels enrichment
subcriticality reactor core ounce
supercriticality control rods

Verbs and verbal phrases

to collide

to hit

Adjectives Adverbs
freewheeling sequentially

Reading Task: Text C

24. Answer the following question and read the text below to check your
answer.

What do you think is more dangerous: subcriticality or supercriticality?

Subcriticality, Criticality and Supercriticality

When a U-235 atom splits, two or three neutrons fly off. If there
are no other U-235 atoms around, then those free neutrons fly into
space as neutron rays. However, if the U-235 atom is part of a
mass of uranium, then there are plenty of other U-235 atoms near-
by for the freewheeling neutrons to collide with. Will one or more
of the free neutrons hit another U-235 atom? The answer to that
question determines a nuclear reactor’s status.

Critical mass: If, on average, exactly one of the free neutrons
from each fission hits another U-235 nucleus and causes it to split,
then the mass of uranium is said to be critical. The mass will exist
at a stable temperature.

Subcritical mass: If, on average, less than one of the free neu-
trons hits another U-235 atom, then the mass is subcritical. Eventu-
ally, induced fission will end under these conditions and your
source of power along with it.
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Supercritical mass: If, on average, more than one of the free
neutrons hits another U-235 atom, then the mass is supercritical.
This will cause the reactor to heat up.

In designing a nuclear bomb, engineers need the mass of ura-
nium to be very supercritical so that all of the U-235 atoms in the
mass split in a single microsecond. Think of it as all the kernels in
a bag of popcorn popping at once, as opposed to sequentially.

In a nuclear reactor, however, the last thing you (and the rest of
the world) want is all your atoms splitting at once. But the reactor
core needs to be slightly supercritical so that plant operators can
raise and lower the temperature of the reactor. The control rods
give the operators a way to absorb free neutrons so operators can
maintain the reactor at a critical level.

How do engineers control the criticality of the uranium?
The amount of U-235 in the mass (the level of enrichment) plays a
role, as does the shape of the mass itself. If the shape of the mass is
a very thin sheet, most of the free neutrons will fly off into space
rather than hitting other U-235 atoms. As such, a sphere is the opti-
mal shape, and you'd need 2 pounds (0,9 kg) of uranium-235 in it
to achieve a critical reaction. This amount is therefore referred to
as the critical mass. For P-239, the critical mass is about 10 ounces
(283 grams). [11]

Comprehension Check

25. Decide whether the following statements are true or false according to
the text.

1) Two or three neutrons fly off when a U-235 atom splits.

2) Critical mass of uranium exists at a stable temperature.

3) If less than one of the free neutrons hits another U-235 atom,
then the mass is supercritical.

4) Supercritical mass will cause the reactor to cool down.

5) In a nuclear bomb, the mass of uranium is to be supercritical.

6) In a nuclear reactor atoms are splitting at once.

7) The control rods give the operators a way to distribute free
neutrons.

8) The shape of the mass itself plays a role to control the critical-
ity of the uranium.

9) A cylinder is the optimal shape.

10) 2 pounds of uranium-235 is referred to as the critical mass.
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26. Answer the following questions and give examples.

1) What happens when a U-235 atom splits?

2) What happens if there are no other U-235 atoms around?

3) What happens if the U-235 atom is a part of a mass of uranium?
4) What is “critical mass”?

5) What is “subcritical mass”?

6) What is “supercritical mass”?

7) What do engineers need in designing a nuclear bomb?

8) Why does the reactor core need to be slightly supercritical?

9) How do engineers control the criticality of the uranium?

10) What is “the critical mass”?

27. What parts of the text can you define? Do they correspond to the
paragraphs? Name each part.

28. Find key words and phrases which best express the general meaning
of each part.

29. Make an oral report on Text C. Consult pages 29-30.

Language Focus
30. Fill in the table with appropriate derivatives.

Critical, criticality, nucleus, nuclear, neutron, collide, exactly,
nearby, uranium, optimal, eventually, hit, reactor, split, raise.

Noun Verb Adjective Adverb

31. Match the terms with their definitions.

a) ion d) nucleon g) stable
b) proton e) nuclear reactor h) atom
¢) absorber ) nucleus
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1) aparticle of matter indivisible by chemical means. It is the fun-
damental building block of elements;

2) any material that stops ionizing radiation. Lead, concrete, and
steel attenuate gamma rays. A thin sheet of paper or metal will
stop or absorb alpha particles and most beta particles;

3) a device in which a fission chain reaction can be initiated,
maintained, and controlled. Its essential components are fis-
sionable fuel, moderator, shielding, control rods, and coolant;

4) a constituent of the nucleus; that is, a proton or a neutron;

5) the core of the atom, where most of its mass and all of its posi-
tive charge is concentrated. Except for hydrogen, it consists of
protons and neutrons;

6) non-radioactive;

7) one of the basic particles which makes up an atom. The proton
is found in the nucleus and has a positive electrical charge
equivalent to the negative charge of an electron and a mass
similar to that of a neutron: a hydrogen nucleus;

8) an atomic particle that is electrically charged, either negative
or positive.

It’s important to know

32. Read the following text and fill in the missing words from the list

below.
a) split g) reaction
b) radioactive h) regulated
¢) Plutonium i) chain
d) solid Jj)  force
e) uranium(2) k) rods
) reactor D hurt

Nuclear Reaction

Inside the reactor of an atomic power plant, 1)  atoms are
2) apart in a controlled 3)  reaction. In a chain reaction,
particles released by the splitting of the atom go off and strike other
4)  atoms splitting those. Those particles given off split still
other atoms in a chain reaction. In nuclear power plants, control
5)  are used to keep the splitting 6)  so it doesn’t go too

fast. If the 7) is not controlled, you could have an atomic
bomb. But in atomic bombs, almost pure pieces of the element
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Uranium-235 or 8) , of a precise mass and shape, must be

brought together and held together, with great 9) . These con-
ditions are not present in a nuclear 10) . The reaction also cre-
ates 11)  material. This material could 12)  people if re-
leased, so it is kept in a 13) form. [11]

Active V lar

33. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases

pellet coolant vessel

dime sodium loop of water
bundle potassium

Verbs and verbal phrases Adjectives
to melt intermediate
to contact

to spin

34. Answer the following questions and read the text below to check your
answers.

1) Is the uranium bundle an extremely high-energy source of heat?
2) What can be used as the coolant fluid in reactors?

Inside a Nuclear Power Plant

To turn nuclear fission into electrical energy, the first step for
nuclear power plant operators is to be able to control the energy giv-
en off by the enriched uranium and allow it to heat water into steam.

Enriched uranium is typically formed into inch-long (2,5-cm-
long) pellets, each with approximately the same diameter as a dime.
Next the pellets are arranged into long rods, and the rods are col-
lected together into bundles. The bundles are submerged in water
inside a pressure vessel. The water acts as a coolant. For the reactor
to work, the submerged bundles must be slightly supercritical. Left
to its own devices, the uranium would eventually overheat and melt.
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To prevent overheating, control rods made of a material that
absorbs neutrons are inserted into the uranium bundle using a
mechanism that can raise or lower the control rods. Raising and
lowering the control rods allow operators to control the rate of the
nuclear reaction. When an operator wants the uranium core to pro-
duce more heat, the control rods are raised out of the uranium bun-
dle (thus absorbing fewer neutrons). To create less heat, they are
lowered into the uranium bundle. The rods can also be lowered
completely into the uranium bundle to shut the reactor down in the
case of an accident or to change the fuel.

The uranium bundle acts as an extremely high-energy source of
heat. It heats the water and turns it to steam. The steam drives a tur-
bine, which spins a generator to produce power. Humans have been
harnessing the expansion of water into steam for hundreds of years.

In some nuclear power plants, the steam from the reactor goes
through a secondary, intermediate heat exchanger to convert an-
other loop of water to steam, which drives the turbine. The advan-
tage to this design is that the radioactive water/steam never con-
tacts the turbine. Also, in some reactors, the coolant fluid in contact
with the reactor core is gas (carbon dioxide) or liquid metal (sodi-
um, potassium); these types of reactors allow the core to be oper-
ated at higher temperatures. [11]

Comprehension Check

35. Complete the following sentences.

1) The first step for nuclear power plant operators is to...

2) The pellets are arranged into ...

3) The bundles are submerged in water inside ...

4) Control rods are made of ...

5) To create less heat, the control rods are ...

6) The uranium bundle heats ... and turns ...

7) In some nuclear power plants, the steam from the reactor goes
through ...

36. Decide whether the following statements are true or false according to
the text.

1) Pellets have the same diameter as a dime.
2) The pellets are collected together into bundles.
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3) The submerged bundles must be highly supercritical.

4) Control rods can be raised or lowered by means of special
mechanism.

5) The uranium core produces more heat when the control rods
are raised out of the uranium bundle.

6) The rods are lowered completely into the uranium bundle in
order to change the fuel.

7) The steam drives a generator to produce power.

8) The coolant fluid is always gas.

37. Answer the following guestions and give examples.

1) How is enriched uranium formed?

2) What acts as a coolant?

3) When does the uranium overheat and melt?

4) What is to be done to prevent overheating?

5) What allows operators to control the rate of the nuclear reaction?

6) What should be done to shut the reactor down in case of an ac-
cident?

7) Does the uranium bundle act as an extremely high-energy
source of heat? Why? Why not?

8) What is the advantage of a secondary, intermediate heat ex-
changer?

9) What types of reactors provide the core operation at higher
temperatures?

38. Write an abstract of Text D in 2-3 sentences. Consult page 14.

ver {

39. Discuss with your groupmates or in pairs what can go wrong inside a
nuclear power plant.

Language Focus

40. Combine the words from the column on the left with the suitable nouns
from the column on the right. Translate them into Russian.

1) nuclear power plant a) uranium
2) enriched b) bundles
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3) 2,5-cm-long ¢) rods

4) pressure d) operators
5) submerged e) bundle
6) control f) pellets
7) uranium g) heat exchanger
8) nuclear h) vessel
9) intermediate i) fluid
10) coolant ]) reaction
11) reactor k) metal
12) liquid 1) core

41. Find the opposites to the following words in text D.

to lower —... to dissipate —... to prohibit —...
outside —... partially —... decrease —...
subcritical —... to open —... to separate —...

42. Match the terms with their definitions.

a) fission ¢) dime e) pellet
b) coolant d) bundle /) heat exchanger

1) aliquid or gas that is used to remove heat from something;

2) the action of dividing or splitting something into two or
more parts;

3) asmall, compressed mass of a substance;

4) adevice for transferring heat from one medium to another;

5) acollection of things, or a quantity of material, tied or wrapped
up together;

6) aten-cent coin.

43. Make up the correct sentences.

Pellets ... is formed rods.
Bundles ... are arranged |into bundles.
Rods ... are collected |in water.
Enriched ura- |are submerged pellets.
nium ...

44. Fill in the correct prepositions, translate the phrases, then choose any
three items and make up sentences of your own.

1) to give  energy; 2) to heat water  steam; 3)toact  a
coolant; 4) to be made  a material; 5) to insert  the uranium
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bundle; 6) to raise the uranium bundle; 7) to shut the reactor
~; 8) the coolant fluid contact the reactor core; 9) to
contact  turbine; 10) to operate  high temperatures.

Active Vocabulary
45. Give Russian equivalents of the following words and phrases. Try to

memorize them.

Nouns and noun phrases

liner personnel security
containment leakage escape
precaution

Verbs and verbal phrases

to take action
to refuel

Reading Task: Text E

46. Answer the following question and read the text below to check your
answer.

What extra precautions are required outside a nuclear power
plant?

Outside a Nuclear Power Plant

Once you get past the reactor itself, there’s very little differ-
ence between a nuclear power plant and a coal-fired or oil-fired
power plant, except for the source of the heat used to create steam.
But as that source can emit harmful levels of radiation, extra pre-
cautions are required.

A concrete liner typically houses the reactor’s pressure vessel
and acts as a radiation shield. That liner, in turn, is housed within a
much larger steel containment vessel. This vessel contains the reac-
tor core, as well as the equipment plant workers use to refuel and
maintain the reactor. The steel containment vessel serves as a barrier
to prevent leakage of any radioactive gases or fluids from the plant.
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An outer concrete build-
ing serves as the final outer
layer, protecting the steel
containment vessel.  This
concrete structure is strong
enough to survive the kind of
massive damage that might
result from earthquakes or a
Fig. 23. Germany's Brokdorf nuclear plant ~ crashing jet airliner. These

secondary containment struc-
tures are necessary to prevent the escape of radiation/radioactive
steam in the event of an accident (see Fig. 23).

Workers in the control room at the nuclear power plant can
monitor the nuclear reactor and take action if something goes
wrong. Nuclear facilities also typically feature security perimeters
and added personnel to help protect sensitive materials. [11]

Comprehension Check

47. Decide whether the following statements are true or false according to
the text.

1) The structures of a nuclear power plant and an oil-fired power
plant are much alike.

2} A concrete liner acts as a radiation shield.

3) A steel containment vessel is housed in a liner.

4) Plant workers use the equipment contained in the vessel to re-
fuel and maintain the reactor.

5) Steel containment vessel prevents leakage of many gases or
fluids from the plant.

6) The outer concrete building can’t withstand earthquakes or a
crashing jet airliner.

48. Answer the following questions and give examples.

1) Why are additional precautions required at a nuclear plant?
2) What does a concrete liner usually house?

3) Where is the liner housed?

4) What does a containment vessel contain?

5) What does a steel containment vessel serve as?



What does an outer concrete building protect?

What are secondary containment structures necessary for?
What is control room used for?

What do nuclear facilities feature?

. Fill in the following table according to text E.

Function Location

1) a concrete liner

2) steel containment
vessel

3) outer concrete buil-
ding

50.

Make an ahstract of Text E in 3 sentences. Consult page 14.

Language Focus

51. Unjumble the words.

Model: ntalp — plant

1) nerli —... 4) gekaale —... 7) nnaaiimt —...

2) dilehs —... 5) tarcoer —... 8) uurrttsce —...

3) sleevs —... 6) lerefu —... 9) snornepel —...

52. GCombine the words from the column on the left with the suitable nouns
from the column on the right. Translate them into Russian.

1) harmful a) shield

2) extra b) level

3) concrete c) vessel

4) radiation d) liner

5) steel e) layer

6) outer f) precautions

7) massive g) material

8) radioactive h) damage

9) nuclear 1) gases

10) sensitive j) facilities
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53. Fill in the table with the derivatives.

Noun Verb

difference
creation

to emit

to require
house

to contain
equipment

to refuel
maintenance

to prevent
protection

to survive
containment

to escape

to monitor

54. Fill in the correct prepositions, translate the phrases, then choose any
three items and make up sentences of your own.

1) difference  sth and sth; 2) except ~ sth; 3) toact  a
shield; 4)  turn; 5) to be housed __ a larger vessel; 6) to pre-
vent leakage ~ aplant; 7) to result  earthquakes; 8)  the
event an accident; 9) workers  the control room  the
nuclear power plant.

Active Vi llar

55. Give Russian equivalents of the following words and phrases. Try to
memorize them.

Nouns and noun phrases Adjectives

city dump lethal
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Verbs and verbal phrases

to contribute to pose to explode
to purify to guard to spew

Reading Task: 7ext F

56. Answer the following guestion and read the text below to check your
answer.

How many tons of wastes does a nuclear power plant generate
per year?

Pros and Cons of Nuclear Power Plants

Whether you view nuclear power as the promise for a better
tomorrow or a whopping down payment on a mutant-filled apoca-
lypse, there’s a good chance you won’t be easily converted to the
other side. After all, nuclear power boasts a number of advantages,
as well as its share of downright depressing negatives.

As far as positives go, nuclear power's biggest advantages are
tied to the simple fact that it doesn't depend on fossil fuels. Coal
and natural gas power plants emit carbon dioxide into the atmo-
sphere, contributing to climate change. With nuclear power plants,
CO, emissions are minimal.

According to the Nuclear Energy Institute, the power produced
by the world’s nuclear plants would normally produce 2 billon
metric tons of CO, per year if they depended on fossil fuels. In
fact, a properly functioning nuclear power plant actually releases
less radioactivity into the atmosphere than a coal-fired power plant.
By not depending on fossil fuels, the cost of nuclear power also
isn’t affected by fluctuations in oil and gas prices.

As for negatives, nuclear fuel may not produce CO,, but it does
provide its share of problems. Historically, mining and purifying
uranium hasn’t been a very clean process. Even transporting nucle-
ar fuel to and from plants poses a contamination risk. And once the
fuel is spent, you can’t just throw it in the city dump. It’s still ra-
dioactive and potentially deadly (see Fig. 24).

On average, a nuclear power plant annually generates 20 met-
ric tons of used nuclear fuel, classified as high-level radioactive
waste. When you take into account every nuclear plant on the
Earth, the combined total climbs to roughly 2,000 metric tons yearly.
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All of this waste emits radia-
tion and heat, meaning that
it will eventually corrode
any container and can prove
lethal to nearby life forms.
As if this weren’t bad
enough, nuclear power plants
produce a great deal of low-
level radioactive waste in the

form of radiated parts and
Fig. 24. This storage facility near the site of equipment.
the Chemobyl Nuclear Power Plant cur-
rently houses nuclear waste.

Eventually spent nuclear
fuel will decay to safe radio-
active levels, but it takes tens
of thousands of years. Even low-level radioactive waste requires
centuries to reach acceptable levels. Currently, the nuclear industry
lets waste cool for years before mixing it with glass and storing it
in massive cooled, concrete structures. In the future, much of this
waste may be transported deep underground. In the meantime,
however, this waste has to be maintained, monitored and guarded
to prevent the materials from falling into the wrong hands. All of
these services and added materials cost money — on top of the high
costs required to build a plant.

Nuclear waste can pose a problem, and it’s the result of prop-
erly functioning nuclear power plants. When something goes
wrong, the situation can turn catastrophic. The Chernobyl disaster
is a good recent example. In 1986, the Ukrainian nuclear reactor
exploded, spewing 50 tons of radioactive material into the sur-
rounding area, contaminating millions of acres of forest. The disas-
ter forced the evacuation of at least 30,000 people, and eventually
caused thousands to die from cancer and other illnesses. [11]

Comprehension Check

57. Decide whether the following statements are frue or false according
to the text.

1) Nuclear power depends on fossil fuels.
2) Coal and natural gas power plants contribute to climate
change.
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3) A coal-fired power plant discharges less radioactivity into the

atmosphere than a nuclear power plant.

4) There is always a contamination risk while transporting nucle-

ar fuel to and from plants.

5) Anuclear power plant generates high-level radioactive waste.
6) It takes tens of years for spent nuclear fuel to decay to safe ra-

dioactive levels.

7) Now the nuclear industry mixes wastes with glass and cool

them for years.

58. Answer the following questions and give examples.

1) Does nuclear power have a number of drawbacks? Why? Why not?
2) Are CO, emissions minimal or maximal from nuclear power

plants? Why? Why not?
3) Whatisn’t the cost of nuclear power affected by?
4) What problems does nuclear fuel produce?
5) Why can’t we throw nuclear fuel after it has been spent?

6) What do radioactive wastes emit?
7) How many years does low-level radioactive waste require to

reach acceptable levels?

8) How are nuclear wastes stored?

9) What has to be done to radioactive wastes?

59. Find key words and phrases which best express the general meaning

of each paragraph.

60. Write a summary of Text F. Consult page 10.

ver {

61. Fill in the table according to Text F and discuss it in your group. You
may find out additional information.

Pros and Cons of Nuclear Power Plants

Pros

Cons

...

...
2) ...
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Language Focus

62. Match the synonyms.

1) topose

2) contamination
3) torelease

4) to decay

5) lethal

6) to guard

7) to monitor

8) to spew

to discharge
to present
pollution
fatal

to decompose
to supervise
to throw out
to protect

63. Gombhine the words from the column on the left with the suitable nouns
from the column on the right. Translate them into Russian.

1) depressing
2) mutant-filled
3) carbon
4) contamination
5) radioactive
6) life
7) acceptable
8) surrounding
9) high

10) wrong

a)
b)

cost

forms
apocalypse
negatives
area

risk

level
waste
dioxide
hands

64. Choose the contextual meanings of the words written in bold in Text B.

1. release
a) pasbelUHEeHHe
b) BBIICHATH

2. cool
a) OXJIAXKIATh
b) npoxianHbIi

3. cost
a) 3aTparhl
b) crours

4. properly
a) 0coOeHHO
b) 1o cyrn
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¢)
d)

¢)
d)

¢)
d)

¢)
d)

0CBOOOXIATH
BEIOPACHIBATH

mpoxJiasa
OCTBIBATh

CTOUMOCTH
IICHa

IIPaBHIIBHO
IPIIAYHO



5. added

a) 1006aBIATH C) IIPHUCOEIUHATH

b) JONOTHUTENBHBIH d) npubasieHHBII
6. What does the word «ity mean?

a) nuclear industry ¢) glass

b) radioactive waste d) structure

65. Fill in the correct prepositions, translate the phrases, then choose any
five items and make up sentences of your own.

1) to be tied the fact; 2) to contribute  climate change;
3) according  ; 4)to depend  sth; 5) to release  the atmo-
sphere; 6) fluctuations  oil prices; 7) to transport  and
plants; 8)  average; 9) to take  account; 10) waste  the
form  radiated parts; 11) to decay  safe radioactive levels;
12)  themeantime; 13) to fall  the wrong hands; 14) to spew
~ the surrounding area; 15)  least; 16) todie  cancer.

Language Development

66. Read the following sentences and fill in the words listed below.

a) nuclear ) no k) turbines

b) burn g) reactor 1) uranium

c) chain h) robot m) waste

d) dangerous i) rods n) water

e) energy Jj) shielding

1) Isnuclear power renewable? — 1) .

2) Nuclear power stations use 2) as fuel. They need very
little fuel, compared to a «fossil» power station because there
is much more 3) in nuclear fuel.

3) The 4) reaction inside the 5) creates heat,
which turns 6) into steam to drive 7) , which
drive generators to make electricity.

4y The fuel 8) are safe to handle before they go into the
reactor, it’s only when they come out that you need to handle
them with 9) arms and heavy 10)

5) 11) power stations do not create atmospheric pollu-
tion, because they do not 12) anything. However, the
small amount of 13) that they do produce is very
14) .

141



67. Translate the following text into English.

SnepHas oHeprus — dHeprus, BEICBOOOXK 1aeMasi BO BpeMs siiep-
HBIX peakluii B pes3ylbrare IIpPeBpalleHHs MacChl B ODHEPIHIO:
E = mc’. B npeBpalueHuy 3a/ieiCTBOBAHA DHEPIHS CBA3CH B Aape
aroMa. SljepHasi DHEPIUs BBLIEISETCS [IPU SJIEPHBIX PEaKIUsX JIBYX
BHJIOB — pacIICIUICHHH sJiep U AiepHoM cuHTese. LlenHas peaknus
JieTIeHHs. XapaKkTepHa JJisl aTOMHOM OG0OMOBI U SIIEPHBIX PEaKTOPOB.
Peakiust TepMosiJiepHOIO CHHTE3a IIPOTEKaeT B 3Be3/[aX, BOAOPOI-
HO 6oMOe; ¢ ee TIOMOIIBI0 MOYXHO I1OITy9aTh JICHIEBYHO SHEPTUIO.

68. Put the statements into the correct column. Analyze the advantages
and disadvantages of nuclear power.

Advantages Disadvantages

» Nuclear power costs about the same as coal, so it’s not expen-
sive to make.

» Although not much waste is produced, it is very, very dangerous.

» It must be sealed up and buried for many years to allow the ra-
dioactivity to die away.

» Produces small amounts of waste.

» Nuclear power is reliable.

» Does not produce smoke or carbon dioxide, so it does not con-
tribute to the greenhouse effect.

» Nuclear power is reliable, but a lot of money has to be spent on
safety — if it does go wrong, a nuclear accident can be a major
disaster.

» Produces huge amounts of energy from small amounts of fuel.

» People are increasingly concerned about this — in the 1990’s

nuclear power was the fastest-growing source of power in much
of the world. In 2005 it’s the second slowest-growing.

69. Discuss in your group the prospects of nuclear power development in
Belarus. Find out additional information.
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Follow Up

70. Read the texts of Unit V again and make notes under the following
headings. Then use your notes to talk ahout Nuclear Power.

1. The opinions related to nuclear power.

2. Describe the process of nuclear fission.

3. Subecriticality, criticality and supercriticality.

4. Inside and outside a nuclear power plant.

5. Advantages and disadvantages of a nuclear power plant.
REVIEW

Check Your Knowledge

1. Read the following text and fill in the missing words.

a) fission e) except i) Uranium rods
b) way f) drives j) as
¢) modern g away k) pumped
d) form h) split l) steam
How it Works

Nuclear power stations work in pretty much the same
1) as fossil fuel-burning stations, 2) that a “chain
reaction” inside a nuclear reactor makes the heat instead.

The reactor uses 3) as fuel, and the heat is generated
by nuclear 4) . Neutrons smash into the nucleus of the ura-
nium atoms, which 5) roughly in half and release energy
in the 6) of heat.

Carbon dioxide gas is 7) through the reactor to take
the heat 8) , and the hot gas then heats water to make
9) .

The steam 10) turbines which drive generators.
11) nuclear power stations use the same type of tur-
bines and generators 12) conventional power stations. [11]
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2. Translate these phrases into English.

TypOoreneparop, nap 1oj JaBICHUEM, TPAH/IMO3HAS DHEPTUs,
OXJIaJINTENbHBIC OalllHU, CUHTE3 (CNUSHUE) s/ep, A/EpPHOE jelie-
HUe, MepHoJ Moiypacnaja, aib(a-u3mydeHue, HeWTPoH, IUIyTo-
HUH, CIIOHTAHHOE JIBM)KCHHE, IMMKOCCKYH/BI, I0/IBEPraTrbcs, Kpu-
TUYHOCTH SIJIEPHOIO PEaKTOPa, aKTHBHAS 30HA, CTAJIKUBATLCH, pe-
I'YJIUPYIOIIMH CTEPKEHB, KOHTPOJIMPOBATL YPOBEHB SIJIEPHON peak-
L[MU, IOIPYXaThb B BOJY, 3aKPHITh PEAKTOP B CIlydae aBapuH,
TEMJIOOOMEHHUK, OXJIAK/IAKLAA JKUJIKOCTh, JOIOJHUTEIBHBIC
MepBI NPEAOCTOPOKHOCTH, CUIIOBON KOPITyC, 3alIUTHAS 000JI04Ka,
paZMalMOHHBIM DKpaH, paJUOAKTUBHBIC OTXO/IbL.

3. Translate the text into Russian in written form.

How Is Nuclear Energy Measured?
By Jacquelyn Jeanty

Measuring this form of energy can be
done based on how it affects the air, how
it’s absorbed in the environment and how
much damage it causes. According to Idaho
State University, nuclear energy originates
from changes that take place within the nu-
cleus of an atom. The release of energy
comes about when a neutron is displaced
from an atom’s nucleus. The energy re-
Fig. 25. Nuclear energy  eased is in the form of radiation. When a
appeafsr;?ﬂa'"t};gnform °f material undergoes this type of structural

' change, the amount of activity taking place

inside the atom is measured in curies or bec-

querels. These units of measurement are named after the individu-

als who discovered uranium and radioactivity — Pierre and Marie
Curie and Henry Becquerel.

4. Analyze the table [4] and make generalizations about the data in
written form. Use the plan given below.

Nuclear power (% of total primary energy supply)
IEA (International Energy Agency) 2007

France 42,6
Sweden 36,2
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Lithuania 31,9
Armenia 27,7
Slovakia 24,8
Bulgaria 243
Switzerland 22.5
Belgium 21,9
Slovenia 21
Korea (Republic of) 17,9
Finland 17,3
Ukraine 16,1
Japan 15
Czech Republic 14,3
Hungary 13
Germany 12,3
Spain 10,3
United Kingdom 9,1
United States 9
Canada 8,8
Russian Federation 6,1
Plan:

1. What the table shows.

2. What the numbers represent.

3. Make a thesis (a statement or an opinion that is presented with
evidence in order to prove that it is true).

4. Support your thesis.

5. Make an appropriate conclusion.

Use the phrases:

The table shows... According to the data...
A wide range in the percentage...  If to compare...
A number of. .. We can sum up...



SUPPLEMENTARY TEXTS

Text 1.
Energy Engineering — A New Engineering Discipline

Energy has become a topic of huge importance and interest to
individual citizens, industry and government. The increased realiza-
tion of possibly catastrophic climatic change, the increased price of
oil and gas as energy sources, and the realization that oil is a finite
resource have combined to prompt governmental incentives to place
sustainable and renewable energy generation as a national priority.
Ireland has published an Energy White Paper (White Paper) (“6enas
KHHUTa” — OQUIMANBHBIN IIPABUTEIBCTBCHHBIH JJOKYMEHT 110 KaKO-
My-I1. Bompocy) for the first time in thirty years with targets for en-
ergy efficiency (20% energy savings by 2020) and for renewable
energy usage in electricity (33% renewable energy penetration by
2020), in heat (12% by 2020) and in transport (10% biofuels pene-
tration). This will require significant investment and a substantial
number of highly trained engineers who can make this happen.

What is Energy Engineering?

Energy engineering involves sourcing, assessing, designing,
converting, transmitting and supplying useful energy to meet our
needs for electricity, transportation and heating and cooling.

What Makes Energy Engineering Students Different?

During this degree programme energy engineers will be pro-
vided with core theoretical and practical skills from the broad dis-
ciplines of civil engineering (including fluids, design and struc-
tures), electrical engineering (including electrical machines, con-
trol and power systems), mechanical engineering (for example,
mechanics, thermodynamics, combustion), and chemical and pro-
cess engineering (biomass).

Energy engineering students will be equipped with the special-
ist skills needed by professional energy engineers, engaging in im-
plementation of energy planning and policy and of infrastructural
design, as required to meet national and international energy re-
quirements.

How is the Programme Structured?
As with all engineering programmes, the student learning ex-
perience is a layered one, with a mathematical and scientific under-
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pinning. Students take foundational scientific, mathematical, and
civil, mechanical and electrical engineering subjects in the first
three years of the programme. Some specialist energy modules will
also be included. The objective in this foundational phase is to en-
sure that students have the requisite diverse knowledge from civil,
mechanical and electrical engineering, to allow them to focus on
energy engineering at fourth year degree level.

The programme differs substantially from other UCC engi-
neering degree programmes in that it is designed in an integrative
manner: the foundation subjects developed in the first three years
lead to a focused fourth year that is designed to ensure that gradu-
ates possess all the principal knowledge strands required by the en-
ergy sector. The discipline requires a broad but well-definable set
of skills which are packaged within the fourth-year programme.
Providing the students with this targeted set of skills is the para-
mount learning objective of the programme

The professional and industrial focus of the programme is
highlighted by the inclusion of a paid work placement of approxi-
mately five months duration between the third and fourth years,
while fourth year includes a major design exercise. The profession-
al requirements for subjects such as ethics and economics, the abil-
ity to communicate well and to work in teams are all infused into
the programme.

It is envisaged that five years of University education will be
required by students who seek Chartered status. The B.E. (Bache-
lors in Energy) programme design team are currently designing a
further programme — the Masters in Energy Engineering.

Are There Programmes Like This Elsewhere?

UCC will be a first University in Ireland to provide such a lev-
el-eight programme. A number of leading institutions internation-
ally offer engineering undergraduate programmes focussing spe-
cifically on energy engineering.

Stanford University offers a Degree in Energy Resources Engi-
neering. Penn State University’s has an energy engineering programme
starting in Autumn 2007. University of New South Wales has been of-
fering a B.E. degree in Renewable Energy Engineering since 2003 and
also has a B.E. degree in Photovoltaics and Solar Energy.

Additionally, several courses currently focus on a subset of the
energy engineering discipline or have energy as a partial focus of
the degree including

In the island of Ireland, Limerick Institute of Technology offer
a Bachelor of Science in Renewable and Electrical Energy.
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In Britain, Heriot-Watt School of Engineering and Physical
Sciences offer a B.Eng. in Mechanical Engineering with Energy
Engineering; the University of Leeds offers both a B.Eng. in
Chemical and Energy Engineering and a B.Eng in Energy and En-
vironmental Engineering.

The University of Reykjavik and the University of Northern
Texas (starting in 2007) both offer degrees in Mechanical and En-
ergy engineering.

Is There a Need For Energy Engineers?

Energy engineers are needed to address some of the most chal-
lenging issues facing the world today, namely how to

1) deliver energy to a growing global population (6.4 billion
people now, to 8.1 billion in 2030 — 1.6 billion people today have
no access to electricity)

2) reduce the human impact on the climate (energy accounts
for 80% of EU greenhouse gas emissions)

3) prepare for the global peaking of oil production and further
price increase with innovative, sustainable engineering solutions.

Are There Cgareer Opportunities in Energy Engineering?

Energy engineers will be involved in a range of careers that
include design of renewable energy devices, construction of (re-
newable and non-renewable) power plants, design and control of
electrical distribution systems, design of energy systems for build-
ings, project management, formation of future energy policy, ener-
gy technology transfer and energy engineering consultancy.

Text 2.

What Is Green Engineering?

“Green Engineering is the use of advanced measurement and
control techniques to design, develop, and improve products and
technologies resulting in environmental and economic benefits.”
The good news is that, just as environmental issues are becoming
more and more critical to humankind, we now have affordable
technologies that enable us monitor and manage our (bio-)systems,
reduce the greenhouse gases we emit, lower the amount of energy
we consume, and thereby reduce our costs while benefiting our
planet. Every engineer is becoming a “green engineer” because all
of us are now intent on reducing carbon footprints and in saving
money by reducing the energy consumption of the products and
processes we design and control.

148



How Is Green Engineering Done?

Today, an increasing number of scientists and engineers are de-
signing complex feedback and control systems that enable them to:

1. Monitor multiple data feeds from a myriad of sensors that
detect and capture analog signals (temperature, humidity, pH, gas-
es, chemicals) in real time.

2. Analyze these streams of input in near real time.

3. Correlate the relationships among the inputs to create a dy-
namic model of a complex system.

4. Take compensating or corrective actions by sending signals
to trigger actions based on real-time events, triggers, and thresholds.

What Enabling Technologies Are “Green Engineers” Using?

What makes green engineering easier to do today than ever be-
fore are the cost effective and convenient tools we now have that
enable us to sense, detect, analyze, monitor, and control multiple
parallel processes with great precision at relatively low costs. Here
are some core enabling technologies that are commonly used in
green engineering applications:

» High-Speed and High-Resolution Measurements. There are
literally tens of thousands of different sensors available to measure
most real world phenomena. Many of these sensors are inexpensive
enough that they can be widely distributed. Most sensors can now
transmit their signals and data wirelessly. Their locations can be
precisely pinpointed using GPS technology. Their data feeds can be
gathered and analyzed remotely using low-cost Internet connec-
tions. Today’s sensors are able to gather and to report extremely
detailed, high-resolution measurements and send those measure-
ments immediately.

» Advanced Analysis and Signal Processing. As all of this
high-speed, high-resolution information arrives, we need to be able
to make sense of it, to convert it to engineering measurements, to
digitize it, to analyze the data in near real time, and to visualize and
understand the patterns that emerge. Advances in software instru-
mentation now make it straightforward to perform very complex
computations on these multiple signal streams as their inputs are
being received.

» High-Speed and Advanced Control. As the signals are being
processed, it’s now possible to trigger appropriate actions in near
real time in order to control or to alter processes with great preci-
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sion, using a combination of open and closed loop controls, and to
monitor the results of the actions taken.

* Embedded System Technology. Computers are now able to
be embedded everywhere. Intelligent systems are found in many de-
vices, from cell phones to thermostats to windmills. We no longer
have to rely on general-purpose computers to sense, monitor, ana-
lyze, and control our environment. Most of the devices we use have
computing and communications technology embedded in them.

A Bottoms Up, Globally Distributed Phenomenon

As my research showed, green engineering is taking place all
around the globe. Keeping track of all of these initiatives is a daunt-
ing task. In fact, it’s kind of like the spread of the Internet. Each
engineering team monitors the signals they care about, in the spa-
tial temporal resolution that’s appropriate for the task at hand, and
controls the outputs and actions that make sense for their applica-
tions. As they do so, they’re collecting large amounts of very gran-
ular data in real time. So, for example, the Malaysian engineer,
Thiru Subramaniam, the CTO from Chiller Energy Management
Systems (CEMS), has been monitoring the temperatures on the
outside of a dozen buildings in Malaysia and Singapore every 10
seconds for two years. He has watched the ambient temperature
increase two degrees over the last two years. He pointed out that
someone is probably also monitoring the temperature in the nearby
seas. Correlating the ocean temperature and the external building
temperatures might be useful.

Taking Advantage of Globally Shared Metadata Frame-
works and Mapping
One of the most encouraging aspects about the real-time data
being gathered in many green engineering projects—especially
those that are related to monitoring the environment—is that many
of these initiatives are setting up open frameworks for encoding
and sharing the data they are capturing and analyzing. For an ex-
ample of one such project, see the Global Lake Ecological Obser-
vatory Network at Gleon.org. This is an informal, grass roots effort
by researchers in a variety of academic and research institutions to
instrument fresh water lakes around the world in order to be able to
monitor them—both as a way to monitor water quality and envi-
ronmental issues and also to use these lakes as an early warning
system for the overall health of our planet.
By Patty Seybold

150



Text 3.
Energy and Ecology

Production, transport and exploitation of the energy, all have a
great impact on environment and ecosystems. Unfortunately so,
energy has almost always negative impact on the environment,
from direct ecological disasters like spilling of the oil, acid rains
and radioactive emission, to indirect effects like the global warm-
ing. Since the energetic needs of the mankind will continue its
growth in the next decades as well, some measures which would as
much as possible decrease the influence of energy exploit to an en-
vironment are really a necessity. The most dangerous energy sourc-
es are currently fossil fuels (coal, oil and natural gas), and potential
danger comes also in form of the used radioactive fuel from nucle-
ar power plants (highly radioactive waste). Fossil fuels are danger-
ous because when combusting, they release large quantities of car-
bon dioxide, and radioactive waste is always dangerous because it
influences the structure of organisms on a very basic level.

Majority of the world’s energy is still gained from ecologically
unacceptable energy sources, especially fossil fuels which are still
dominant energy source. Since fossil fuels have coal as their base,
normal combustion of these fuels results in carbon dioxide (CO2)
which is a greenhouse gas. This carbon dioxide mostly ends up in
the atmosphere and with its greenhouse effect causes the global
warming. Even more dangerous is the gas that is released during
the incomplete fuel combustion (combustion without the needed
amount of oxygen), and this is carbon monoxide (CO). Carbon
monoxide is extremely poisonous gas without color, taste or scent,
and its concentration of just 0,6% is causing death after only
15 minutes of the inhalation.

At this moment, not single one fossil fuel isn’t completely pu-
rified, and so during the combustion some other harmful gases like
sulfur dioxide or nitrogen oxide are getting released as well. These
gases later react with the water steam in the clouds forming drops
that are falling on earth in the form of weak sulfuric acid and nitric
acid - acid rains, and these rains have extremely negative impact
on all the ecosystems they’re catching. Combustion of some ener-
gy sources results in the form of tiny particles of minerals which
are later forming the ashes, but certain number of these particles
rises to the atmosphere carried by swirl of smoke. These particles
are very dangerous for human health.
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Text 4.
Types of Energy

Chemical and Mechanical Energy

An early source of energy, or prime mover, used by humans
was animal power, i.e., the energy obtained from domesticated ani-
mals. Later, as civilization developed, wind power was harnessed
to drive ships and turn windmills, and streams and rivers were di-
verted to turn water wheels. The rotating shaft of a windmill or
water wheel could then be used to crush grain, to raise water from
a well, or to serve any number of other uses. The motion of the
wind and water, as well as the motion of the wheel or shaft, repre-
sents a form of mechanical energy. The source of animal power is
ultimately the chemical energy contained in foods and released
when digested by humans and animals. The chemical energy con-
tained in wood and other combustible fuels has served since the
beginning of history as a source of heat for cooking and warmth.
At the start of the Industrial Revolution, water power was used to
provide energy for factories through systems of belts and pulleys
that transmitted the energy to many different machines.

Heat Energy

The invention of the steam engine, which converts the chemi-
cal energy of fuels into heat energy and the heat into mechanical
energy, provided another source of energy. The steam engine is
called an external-combustion engine, since fuel is burned outside
the engine to create the steam used inside it. During the 19th cent,
the internal-combustion engine was developed; a variety of fuels,
depending on the type of internal-combustion engine, are burned
directly in the engine’s chambers to provide a source of mechani-
cal energy. Both steam engines and internal-combustion engines
found application as stationary sources of power for different pur-
poses and as mobile sources for transportation, as in the steamship,
the railroad locomotive (both steam and diesel), and the automo-
bile. All these sources of energy ultimately depend on the combus-
tion of fuels for their operation.

Electrical Energy

Early in the 19th cent, another source of energy was developed
that did not necessarily need the combustion of fuels-the electric
generator, or dynamo. The generator converts the mechanical en-
ergy of a conductor moving in a magnetic field into electrical en-
ergy, using the principle of electromagnetic induction. The great
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advantage of electrical energy, or electric power, as it is commonly
called, is that it can be transmitted easily over great distances. As a
result, it is the most widely used form of energy in modern civiliza-
tion; it is readily converted to light, to heat, or, through the electric
motor, to mechanical energy again. The large-scale production of
electrical energy was made possible by the invention of the turbine,
which efficiently converts the straight-line motion of falling water
or expanding steam into the rotary motion needed to turn the rotor
of a large generator.

Nuclear Energy

The development of nuclear energy made available another
source of energy. The heat of a nuclear reactor can be used to pro-
duce steam, which then can be directed through a turbine to drive an
electric generator, the propellers of a large ship, or some other ma-
chine. In 1999, 23% of the electricity generated in the United States
derived from nuclear reactors; however, since the 1980s, the con-
struction and application of nuclear reactors in the United States has
slowed because of concern about the dangers of the resulting radio-
active waste and the possibility of a disastrous nuclear meltdown.

Environmental Considerations

The demand for energy has increased steadily, not only because
of the growing population but also because of the greater number of
technological goods available and the increased affluence that has
brought these goods within the reach of a larger proportion of the
population. For example, despite the introduction of more fuel-effi-
cient motor vehicles (average miles per gallon increased by 34% be-
tween 1975 and 1990), the consumption of fuel by vehicles in Amer-
ica increased by 20% between 1975 and 1990. The rise in gasoline
consumption is attributable to an increase in the number of miles the
average vehicle traveled and to a 40% increase in the same period in
the number of vehicles on the road. Since 1990 average fuel effi-
ciency has changed relatively little, while the number of vehicles,
the number of miles they travel, and the total amount of fuel con-
sumed has continued to increase.

As a result of the increase in the consumption of energy, con-
cern has risen about the depletion of natural resources, both those
used directly to produce energy and those damaged during the ex-
ploitation of the fuels or as a result of contamination by energy
waste products. Most of the energy consumed is ultimately gener-
ated by the combustion of fossil fuels, such as coal, petroleum, and
natural gas, and the world has only a finite supply of these fuels,
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which are in danger of being used up. Also, the combustion of these
fuels releases various pollutants, such as carbon monoxide and sul-
fur dioxide, which pose health risks and may contribute to acid rain
and global warming. In addition, environmentalists have become
increasingly alarmed at the widespread destruction imposed on
sensitive wildlands (e.g., the tropical rain forests, the arctic tundra,
and coastal marshes) during the exploitation of their resources.

The Search for New Sources of Energy

The environmental consequences of energy production have
led many nations in the world to impose stricter guidelines on the
production and consumption of energy. Further, the search for new
sources of energy and more efficient means of employing energy
has accelerated. The development of a viable nuclear fusion reac-
tor is often cited as a possible solution to our energy problems.
Presently, nuclear-energy plants use nuclear fission, which requires
scarce and expensive fuels and produces potentially dangerous
wastes. The fuel problem has been partly helped by the develop-
ment of breeder reactors, which produce more nuclear fuel than
they consume, but the long-term hopes for nuclear energy rest on
the development of controlled sources using nuclear fusion rather
than fission. The basic fuels for fusion are extremely plentiful (e.g.,
hydrogen, from water) and the end products are relatively safe. The
basic problem, which is expected to take decades to solve, is in
containing the fuels at the extremely high temperatures necessary
to initiate and sustain nuclear fusion.

Another source of energy is solar energy. The earth receives
huge amounts of energy every day from the sun, but the problem
has been harnessing this energy so that it is available at the appro-
priate time and in the appropriate form. For example, solar energy
is received only during the daylight hours, but more heat and elec-
tricity for lighting are needed at night. Despite technological ad-
vances in photovoltaic cells, solar energy has not become a more
significantly more financially competitive source of energy. Al-
though several solar thermal power plants are now in operation in
California, they are not yet able to compete with conventional
power plants on an economic basis.

Some scientists have suggested using the earth’s internal heat as
a source of energy. Geothermal energy is released naturally in gey-
sers and volcanoes. In California, some of the state’s electricity is
generated by the geothermal plant complex known as the Geysers,
which has been in production since 1960, and in Iceland, which is
geologically very active, roughly 90% of the homes are heated by
geothermal energy.
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Still another possible energy source is tidal energy. A few sys-
tems have been set up to harness the energy released in the twice-
daily ebb and flow of the ocean’s tides, but they have not been
widely used, because they cannot operate turbines continuously
and because they must be built specifically for each site.

Another direction of research and experimentation is in the
search for alternatives to gasoline. Possibilities include methanol,
which can be produced from wood, coal, or natural gas; ethanol, an
alcohol produced from grain, sugarcane, and other agriculture plants
and currently used in some types of U.S. motor fuel (e.g., gasohol
and E85, a mixture of 85% ethanol and 15% gasoline); compressed
natural gas, which is much less polluting than gasoline and is cur-
rently used by a 1.5 million vehicles around the world; and electric-
ity, which if ever practicable would be cheaper and less polluting,
especially if derived from solar energy, rather than gasoline.

Text 5.

Wood Fuel Sources

There are many types of wood fuel from a wide variety of
sources. Certain types and sources of woodchips can often be bet-
ter suited for certain applications than others. In addition to high-
quality planning, engineering, and construction, successful bio-
mass heating projects need to secure a sufficient fuel supply at the
right price. Equally important is that the type and source of chip is
properly suited to the size and design of the heating system. There
are two main categories of wood species— hardwoods and soft-
woods. Hardwoods are typically deciduous trees like maple, oak,
birch, and ash. Softwoods are typically coniferous trees like pine,
cedar, hemlock, spruce, and fir. Both have similar energy values
but softwoods generally have a slightly higher moisture content
and can be less dense. For these reasons, hardwood trees are gener-
ally preferable to softwood as a fuel source. There are four main
source categories of woody biomass fuels:

1) residues from sawmills;

2) low-grade wood from forest management;
3) low-grade wood from land development;
4) wood waste from communities.

Residues from Sawmills. There are typically three types of
wood residues from sawmills-bark removed from the log prior to
sawing, sawdust and shavings, and chips made from the slabs and
off cuts. Each material has different characteristics that dictate the
best use.
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Bark. Bark is typically burned onsite to fire the mill’s wood
kilns or is sold as mulch. Soft wood bark like hemlock, cedar, and to
a lesser extent, pine have a high market value for mulch in gardens
and flower beds. Hardwood bark is sometimes used as a bulking
agent for composting. Although bark has a high Btu content per
pound (more than chips), bark also has a higher mineral/ash content.

Sawdust. Sawdust is typically sold to farmers as bedding for
livestock. Sawdust is also used in making wood fuel pellets. Saw-
dust is frequently burned in kilns for drying lumber, but this prac-
tice is now less common than in the past.

Woodchips. Woodchips are the best-suited fuel for institution-
al — scale biomass heating systems. Mill chips tend to be the high-
est-quality fuel available for chip-fired heating systems. Mill chips
are produced from the waste wood (off cuts and slabs from sawing
logs into lumber). Because logs are debarked before sawing, mill
chips are very clean and have a relatively low ash content.

In addition to sawmill by-products such as sawdust, bark, and
woodchips that can be used directly as a biomass fuel, these mate-
rials (primarily sawdust and shavings) can be further processed
into a refined biomass fuel — pellets. Historically, pellets have been
sold almost exclusively in bags to the residential heating market;
however, they are now being delivered in bulk to fuel central boiler
systems.

Text 6.

Natural Gas

Natural gas is nothing new. In fact, most of the natural gas that
is brought out from under the ground is millions and millions of
years old. However, it was not until recently that methods for ob-
taining this gas, bringing it to the surface, and putting it to use were
developed.

Before there was an understanding of what natural gas was, it
posed somewhat of a mystery to man. Sometimes, such things as
lightning strikes would ignite natural gas that was escaping from
under the earth’s crust. This would create a fire coming from the
earth, burning the natural gas as it seeped out from underground.
These fires puzzled most early civilizations, and were the root of
much myth and superstition. One of the most famous of these types
of flames was found in ancient Greece, on Mount Parnassus ap-
proximately 1,000 B.C. A goat herdsman came across what looked
like a ‘burning spring’, a flame rising from a fissure in the rock.
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The Greeks, believing it to be of divine origin, built a temple on
the flame. This temple housed a priestess who was known as the
Oracle of Delphi, giving out prophecies she claimed were inspired
by the flame.

These types of springs became prominent in the religions of
India, Greece, and Persia. Unable to explain where these fires came
from, they were often regarded as divine, or supernatural. It wasn’t
until about 500 B.C. that the Chinese discovered the potential to
use these fires to their advantage. Finding places where gas was
seeping to the surface, the Chinese formed crude pipelines out of
bamboo shoots to transport the gas, where it was used to boil sea
water, separating the salt and making it drinkable.

Britain was the first country to commercialize the use of natu-
ral gas. Around 1785, natural gas produced from coal was used to
light houses, as well as streetlights

Manufactured natural gas of this type (as opposed to naturally
occurring gas) was first brought to the United States in 1816, when
it was used to light the streets of Baltimore, Maryland. However,
this manufactured gas was much less efficient and environmentally
friendly, than modern natural gas that comes from underground.

Naturally occurring natural gas was discovered and identified in
America as early as 1626, when French explorers discovered natives
igniting gases that were seeping into and around Lake Erie. The
American natural gas industry got its beginnings in this area. In 1859,
Colonel Edwin Drake (a former railroad conductor who adopted the
title ‘Colonel’ to impress the townspeople) dug the first well. Drake
hit oil and natural gas at 69 feet below the surface of the earth.

Most in the industry characterise this well as the beginning of
the natural gas industry in America. A two-inch diameter pipeline
was built, running 5 and 1/2 miles from the well to the village of
Titusville, Pennsylvania. The construction of this pipeline proved
that natural gas could be brought safely and relatively easily from
its underground source to be used for practical purposes.

In 1821, the first well specifically intended to obtain natural
gas was dug in Fredonia, New York, by William Hart. After notic-
ing gas bubbles rising to the surface of a creek, Hart dug a 27 foot
well to try and obtain a larger flow of gas to the surface. Hart is re-
garded by many as the ‘father of natural gas’ in America. Expand-
ing on Hart’s work, the Fredonia Gas Light Company was eventu-
ally formed, becoming the first American natural gas company.

During most of the 19th century, natural gas was used almost
exclusively as a source of light. Without a pipeline infrastructure, it
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was difficult to transport the gas very far, or into homes to be used
for heating or cooking. Most of the natural gas produced in this era
was manufactured from coal, as opposed to transported from a
well. Near the end of the 19th century, with the rise of electricity,
natural gas lights were converted to electric lights. This led pro-
ducers of natural gas to look for new uses for their product.

In 1885, Robert Bunsen invented what is now known as the
Bunsen burner. He managed to create a device that mixed natural
gas with air in the right proportions, creating a flame that could be
safely used for cooking and heating. The invention of the Bunsen
burner opened up new opportunities for the use of natural gas in
America, and throughout the world. The invention of temperature-
regulating thermostatic devices allowed for better use of the heat-
ing potential of natural gas, allowing the temperature of the flame
to be adjusted and monitored.

Without any way to transport it effectively, natural gas discov-
ered pre-WWII was usually just allowed to vent into the atmo-
sphere, or burnt, when found alongside coal and oil, or simply left
in the ground when found alone.

One of the first lengthy pipelines was constructed in 1891. This
pipeline was 120 miles long, and carried natural gas from wells in
central Indiana to the city of Chicago. However, this early pipeline
was very rudimentary, and did not transport natural gas efficiently.
It wasn’t until the 1920°s that any significant effort was put into
building a pipeline infrastructure. After World War 11 welding tech-
niques, pipe rolling, and metallurgical advances allowed for the
construction of reliable pipelines. This led to a post-war pipeline
construction boom lasting well into the 60°s, creating thousands of
miles of pipeline in America.

Once the transportation of natural gas was possible, new uses
for natural gas were discovered. These included using natural gas
to heat homes and operate appliances such as water heaters and
oven ranges. Industry began to use natural gas in manufacturing
and processing plants. Also, natural gas was used to heat boilers
used to generate electricity. The transportation infrastructure made
natural gas easier to obtain, and as a result expanded its uses.

A Brief History of Regulation

In 1938, the U.S. government first regulated the natural gas in-
dustry. At the time, members of the government believed the natu-
ral gas industry to be a ‘natural monopoly’. Because of the fear of
possible abuses, such as charging unreasonably high prices, and
given the rising importance of natural gas to all consumers, the
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Natural Gas Act was passed. This Act imposed regulations and re-
strictions on the price of natural gas to protect consumers. In the
1970’s and 1980’s, a number of gas shortages and price irregulari-
ties indicated that a regulated market was not best for consumers,
or the natural gas industry. Into the 1980’s and early 90’s, the in-
dustry gradually moved towards deregulation, allowing for healthy
competition and market based prices. These moves led to a
strengthening of the natural gas market, lower prices for consum-
ers and the discovery of more natural gas.

Today, the natural gas industry is regulated by the Federal Ener-
gy Regulatory Commission (FERC). While FERC does not deal ex-
clusively with natural gas issues, it is the primary rule making body
with respect to the minimal regulation of the natural gas industry.

Competition characterizes the natural gas industry as it is
known today. The opening up of the industry, and the move away
from strict regulation, has allowed for increased efficiency and
technological improvements. Natural gas is now being obtained
more efficiently, cheaply, and easily than ever before. However, the
search for more natural gas to serve our ever growing demand re-
quires new techniques and knowledge to obtain it from hard-to-
reach places.

Today, the natural gas industry has existed in this country for
over 100 years, and it continues to grow. Deregulation and the
move toward cleaner burning fuels have created an enormous mar-
ket for natural gas across the country. New technologies are con-
tinually developed that allow Americans to use natural gas in new
and exciting ways. With all of the advantages of natural gas, it is
no wonder it has become the fuel of choice in this country, and
throughout the world.

Text 7.

Fuel

Fuel material that can be burned or otherwise consumed to
produce heat. The common fuels used in industry, transportation,
and the home are burned in air. The carbon and hydrogen in fuel
rapidly combine with oxygen in the air in an exothermal reaction —
one that liberates heat. Most of the fuels used by industrialized na-
tions are in the form of incompletely oxidized and decayed animal
and vegetable materials, or fossil fuels, specifically coal, peat, lig-
nite, petroleum, and natural gas. From these natural fuels other ar-
tificial ones can be derived. Coal gas, coke, water gas, and producer
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gas can be made using coal as the principal ingredient. Gasoline,
kerosene, and fuel oil are made from petroleum. For most transpor-
tation, fuel must be in a liquid form.

There is a growing concern about the environmental contami-
nation caused by the burning of great amounts of fossil fuels and
about the increasing expense of finding them and processing them
into easily usable forms. During the last 100 years the amount of
carbon dioxide in the atmosphere has increased, and there is evi-
dence that this phenomenon may be due to the burning of fossil
fuel. Use of biomass, which consists of plants or plant waste, would
not produce excess carbon dioxide because the plants absorb the
gas for their growth. Wood is not as concentrated a form of energy
as fossil fuels, but it can be converted into a more energy-rich fuel
called charcoal. Burning fossil fuel also releases acidic oxides of
sulfur and nitrogen, which are deposited on the earth in rainwater.
The clearing of forests, particularly in the tropical regions, also
threatens to increase the amount of carbon dioxide in the atmo-
sphere because the forests utilize carbon dioxide for growth.

The amount of fossil fuel available is limited and new methods
of recovery are being developed. One proposed alternative fuel is
hydrogen, which is now employed as a fuel only for a few special
purposes because of its high cost. Hydrogen can be produced by
electrolysis of water for which nonfossil fuels would supply the
energy. Solar energy could be utilized either by direct conversion
to electricity using photovoltaic cells or by trapping solar heat. Fu-
els are rated according to the amount of heat (in calories or Btu)
they can produce. Nuclear fuels are also possible substitutes for
fossil fuels. Nuclear fuels are not burned; they undergo reactions in
which the nuclei of their atoms either split apart, i.e., undergo fis-
sion, or combine with other nuclei, i.e., undergo fusion. In either
case, a small part of the nuclear mass is converted to heat energy.
All nuclear fuels currently employed in practical, nonweapons ap-
plications react by fission.

High-energy fuels for jet engines and rockets are rated by their
specific impulse in thrust per pound of propellant per second. Hy-
drogen, which is the lightest element, is usually used in the form of
compounds, because the density of liquid hydrogen is low and
therefore a large volume is required. Addition of aluminum powder
or lithium increases the efficiency. Rockets usually have a self-con-
tained supply of oxygen or some other oxidizer, such as ammonium,
lithium, or potassium perchlorate. Fuels such as turpentine, alcohol,
aniline, and ammonia use nitric acid, hydrogen peroxide, and liquid
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oxygen as oxidizers. More power can be obtained by oxidizing hy-
drazine, diborane, or hydrogen with oxygen, ozone, or fluorine.

Nonrenewable fossil fuels—coal, petroleum, and natural gas—
provide more than 85% of the energy used around the world. In the
United States, fossil fuels comprise approximately 80% of the total
energy supply, nuclear power provides about 7,7% and all renew-
able energy sources provide about 7%. (Note that these figures
lump together electricity and all other forms of energy use, such as
heat and transport fuel; in practice, electricity is best treated as a
special category of energy consumption.) Wind power, active and
passive solar systems, geothermal energy, and biomass are exam-
ples of renewable or alternative energy sources. Although such al-
ternative sources make up a small fraction of total energy produc-
tion today, their share is growing rapidly. As of 2006, wind power
was the cheapest form of large-scale electric generation to install
(measured by kilowatt-hours delivered) — cheaper than new coal
plants, new nuclear plants, or solar cells, for example.

Scientists estimate that easily extractable fossil fuels will be
largely used up during the twenty-first century: known petroleum
reserves will last less than 50 years at current rates of use; the rate
of discovery of new reserves is decreasing. Much larger reserves of
coal exist, but could be extracted only at catastrophic environmen-
tal cost. Proponents of nuclear power are today urging that nuclear
power has many virtues, including a zero output of greenhouse
gasses such as carbon dioxide (released by burning fossil fuels).
Opponents of nuclear power urge that it is unacceptable because of
its high cost, its vulnerability to military and terror attack, possible
accidental releases of radioactivity during fuel processing and op-
eration, and the challenge of waste disposal. Further, critics argue
that nuclear-power technologies cannot be disseminated globally
without spreading at the same time much of the materials and
know-how for producing nuclear weapons. For example, the U.S.
government was concerned in 2006 that the Iranian government
might be obtaining material for a secret nuclear-weapons program
from its civilian nuclear power program.

Achieving wider use of renewable sources of energy is thus,
seen by many planners as key for a sustainable, affordable, and
peaceful global economy.

Text 8.

Alternative Energy Sources. Solar Energy

In our modern industrial society we consume vast amounts of
energy to make our daily life more comfortable, productive and en-
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joyable. All of us use energy every day — for heat and light in living
and working areas, cooking, transportation, manufacturing, and en-
tertainment. The choices we make about how we use energy — turn-
ing machines off when we’re not using them or choosing to buy
energy efficient appliances — impact our environment and our lives.

Energy comes from several different sources. These sources
can be split into two main categories: non-renewable and renew-
able. Non-renewable types of energy include the three major types
of fossil fuels — coal, oil and natural gas. Fossil fuels supply more
than 90% of the world’s energy. Oil leads with a share of about
40 percent of total world energy consumption, followed by coal
(24 percent) and natural gas (22 percent). All of these are burned to
produce power.

Fossil fuels are relatively easy to use to generate energy be-
cause they only require a simple direct combustion. However, a
problem with fossil fuels is their environmental impact. Not only
does their excavation from the ground significantly alter the envi-
ronment, but their combustion leads to a great deal of air pollution.
Carbon dioxide (CO,) from burning fossil fuels is the largest source
of greenhouse gases from human activities. Extra greenhouse gases
we are putting into the atmosphere are causing global warming and
climate change. Besides, these are fuels that are being consumed
more rapidly than they are being replaced. That means that some-
day we could run out of these fuels.

Another nonrenewable source is uranium. Uranium is an ele-
ment that gives us nuclear energy by splitting an atom’s nucleus,
and this process is called fission. Nuclear energy is a better source
of energy because it doesn’t put carbon dioxide into the atmo-
sphere. But like all industrial processes, nuclear power generation
has by-product wastes; tremendous steam of radioactive products
and heat. Hazardous wastes and the possibility of a nuclear disaster
are the principal concerns for nuclear power.

With the growing concerns over the environmental problems
today (air pollution, global climate change, massive flooding in
river systems, etc.) and the price of non-renewable energy sources
soaring, we have to take a closer look at the alternative energy
sources. Alternatives to the fossil fuels and nuclear power are re-
newable sources of energy and they are considerably more attrac-
tive in many ways. Renewable sources are derived and replenish
quickly from nature and usually do not pollute our environment
when used to generate electricity. The five renewable sources used
most often include hydropower (water), solar, wind, biomass, and
geothermal.
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In the context of renewable energy, solar power is associated
with the harnessing of the sun’s present emissions of heat or light.
There are a variety of types of technologies that can do this. Solar
energy is typically divided into three categories: passive solar, ac-
tive solar, and photovoltaic (electrical) solar energy. All of them
produce solar energy, but in very different ways.

In active solar category the solar energy is directly converted
in the application form. One of the simplest and economical ways
to utilize solar energy is through solar thermal systems. Solar ther-
mal technology is employed for collecting and converting the sun
energy to heat energy for application such as water and air heating,
cooking and drying, steam generation, distillation, etc.

Solar thermal technologies include solar heat collectors (flat-
plate collectors, evacuated-tube collectors) and solar concentrating
collectors. Flat-plate collectors are the most commonly used type
of collector today. A typical flat-plate collector consists of a box
containing a sheet of metal painted black, which absorbs the suns
energy. In the most common design, liquids take the heat from the
box and bring it into the building. This heated liquid, usually a wa-
ter-alcohol mixture to prevent winter freezing, is used to heat water
in a tank or is put through radiators to heat the air. Solar heat col-
lectors sit on the rooftops of buildings and are generally used in
hotels and homes.

Solar concentrating collectors (parabolic concentrators) use
mirrors and lenses to concentrate and focus sunlight onto a receiver
mounted at the system’s focal point. The receiver absorbs and con-
verts the sunlight into heat. This heat is then transported by means
of a heated fluid (either water or molten salt) through pipes to a
steam generator or engine where it is converted into electricity.
There are also large centralized solar power plants, known as
“power towers”. Power tower is a large tower surrounded by small
rotating (tracking) mirrors called heliostats. These mirrors align
themselves and focus sunlight on the receiver at the top of tower,
collected heat. This focused heat turns water into steam that is used
to power a generator. Solar concentrating systems produce high
temperatures that can be used for industrial purposes.

Photovoltaic (electrical) solar technologies directly convert so-
lar radiation into electricity through the use of photovoltaic cells
(PVs), also called solar cells. Photovoltaic or solar electric panels
use semiconductor materials such as silicon to convert sunlight to
electricity. Most solar cells are made from silicon because it is, so
far, the most cost-effective material. Sunlight is composed of light
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energy in the form of photons. When these photons strike the cell,
some electrons in the cell material absorb sufficient energy to break
away from their atoms and flow through the material to produce
electricity. This electricity can either be used directly as it is or can
be stored in the battery. The stored electrical energy then can be
used at night.

PV technology can be used to meet our electricity require-
ments. Most houses with good roofs have enough space to generate
a total of about 1/4 to 1/2 of their yearly electricity use. Solar pho-
tovoltaic panels can be installed on the rooftops. They can be flush
mounted as well as tilted up. PV systems can also provide electric-
ity in remote places deprived of grid power.

PVs can be used in a variety of applications. The simplest pho-
tovoltaic systems power small consumer goods such as calculators
and wrist watches. Other applications include water pumps, street
and car-park lighting, garden footpath lighting, etc. Some experi-
mental cars also use PV cells. They convert sunlight directly into
energy to power electric motors on the car. Solar photovoltaic pan-
els are applied in satellites and spacecrafts as well.

Passive solar energy is energy or warmth obtained without any
mechanical intervention. The most common of the passive solar
technologies is referred to as direct solar gain. A direct gain system
includes south-facing large windows that allow the sun’s rays to heat
surfaces inside the building. The result is that in cold weather the
surfaces absorbs solar energy and radiates heat throughout the room.

Of all the solar energy technologies, photovoltaics show the
greatest promise for worldwide acceptance and application. Work-
ing photovoltaics are relatively simple in design, have no moving
parts, need very little maintenance and are environmentally benign.
They simply and silently produce electricity whenever they are ex-
posed to light. In the developing world PVs are seen as a very at-
tractive option. They are especially useful for rural electrification,
vaccine refrigeration and water pumping.

Solar energy demand has grown at about 25% per annum over
the past 15 years but it has clearly not reach its full potential. The
main reason for the lack of mass exploitation of solar power tech-
nologies is economic. In order for widespread generation of elec-
tricity using solar panels to be feasible it needs to be economically
advantageous. In order for solar panels to be an economically via-
ble choice for the production of electricity, production costs must
go down and efficiency of the final product must go up.
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The hidden factor behind the lack of widespread solar power
production is the absence of mass consumer demand for solar tech-
nologies. If there is a demand for a product, there will be people
that will supply that product at a cost that fulfills that demand. As a
result, economic and efficient solar power technologies will be de-
veloped and exploit more quickly.

Text 9.

Potential Energy Resources in Belarus

Qil, Gas, Coal and Peat

Belarus is poor in most of these resources and needs to rely on
imports. There is a low potential for significantly developing most
of these resources in the near future.

Oil and casing-head gas. Oil deposits are concentrated in the
Pripyat’ depression in southern Belarus, with an oil-bearing area of
about 30 thousand km?. The initial extractable oil resources are esti-
mated to be equal to 362.1 million tons. Currently, oil extraction in
Belarus is shrinking. It is expected that by 2005 extraction of do-
mestic oil in Belarus will be two times lower than in 1997. Respec-
tively, import of oil and gas from Russia will rise by 50%, which
means that Belarusian energy sector will mainly rely upon imported
oil and gas rather than on domestic sources of these fuels.

Peat. Over 9000 peat deposits exist in Belarus, with initial peat
reserves of 5.65 billion ton. In 1997 the total amount of extracted
peat was about 1 million equivalent fuel. (1 kg of equivalent fuel is
equal to 29 MJ or 27,773 BTU). The extracted peat is used partly for
production of fertilizers and partly as a municipal fuel. It is antici-
pated that peat extraction in 2005 will be 5% lower than in 1994.

Shale. By quality, Belarusian shale is not an efficient fuel due
to its high ash content and low combustion heat.

Brown coal. As of January 1992, three brown coal deposits
were known of in Belarus. The coal is suitable for use as a munici-
pal and household fuel. Exploitation of brown coal deposits in the
near future is unrealistic because environmental problems caused
by open-mining are unsolved.

Renewable Energy Sources

Belarus has the potential to develop several renewable energy
sources., including small hydroelectric power plants, wind energy
installations, bioenergy installations or biogas installations, solar wa-
ter heaters, installations for briquetting and burning of plant cultiva-
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tion wastes. These technologies could help Belarus meet its energy
needs. However, the high cost of developing some of the sources
may make wide-scale development unrealistic in the near future.

Hydroelectric Power Resources

The main existing plans for the development of small-scale hy-
droelectric power generation are: 1) restoration of SHPP that previ-
ously existed, by overhaul and partial re-equipment; 2) construc-
tion of new SHPP on reservoirs for integrated use; 3) construction
of SHPP on industrial spillways; 4) construction of damless (river-
bed) hydroelectric power plants on the rivers with significant water
discharge. The hydropower unit capacity will be within the range
from 50 to 500 kWt.

Wind Power Resources

The main direction of the use of wind energy installations
(WEI) in the nearest future will be for pump drive installations and
for heating water for agriculture. These application areas have
minimum requirements for the quality of electric power (stability
of frequency and voltage), which allows for simple WEI and makes
them cheaper. It is especially promising to use WEI for pumping
water for small-scale hydroelectric power plants. Economically
sound potential of WEI is evaluated in 3 thousand tons of equiva-
lent fuel.

In 1998 the Institute Belenergoset’ conducted an assessment of
wind speed and concluded that Belarus does not have weather con-
ditions that favor wind energy installations with present state of the
art equipment. Plans to create a new type of wind power installa-
tion which will be able to produce power at low wind speed may
make the wide-scale use of WEI in Belarus possible in the future.

Bioenergy Installations

Bioenergy installations are currently under development and
testing in the Scientific Research Center for Non-Traditional Power
Engineering near Minsk. The results of this work will provide a
more precise evaluation of the actual yield of tradable biogas. Even
in case of low biogas yield, development of cheap and reliable bio-
energy installations will be of great practical importance for the
country. Application of bioenergy installations will allow improve-
ment especially of the environmental situation around the large-
scale stock-breeding farms and complexes, where at present huge
amounts of unprocessed biomass are stored. Besides, it is possible
to plan to obtain a significant quantity of high-quality organic fer-
tilizers. This will enable a reduction in the production of mineral
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fertilizers, which require a lot of power to produce. Potentially pos-
sible bulk yield of tradable biogas from a cattle-breeding complex
(which has usually up to 100,000 cattle) is about 160 thousand tons
of equivalent fuel per year.

At present, bioenergy installations are not used on the regular
basis, since the problem of operation at low temperature remains
unsolved. However, this source is considered as the only way to
solve the problem of organic waste in agriculture and is one of the
priorities for future development.

Solar Energy

The main direction of the solar energy application will be solar
water heaters (SWH) and various solar installations for the intensi-
fication of drying and heating processes in agriculture. At present,
solar cells are used in electronics, as an energy source for calcula-
tors, watches, etc., and household solar water heaters are becoming
popular. Utilization of solar energy for other purposes on a wide-
scale basis is a question of the nearest future.

Geothermal Resources

The thermal conditions of the depths of Belarus’ territory have
not be sufficiently investigated. According to preliminary data, the
most favorable conditions for thermal water formation are in
Pripyat’ depression in southern Belarus.

The large depth of thermal waters, their relatively low temper-
ature, high mineralization and low flow rate of boreholes (100—
1150 m’/day) does not allow thermal waters to be considered a
considerable energy source at present.

Municipal Solid Waste

The content of organic matter in municipal waste is 40-75 %.
Carbon makes up 35-40%, and ash content is 40-70%. Combusti-
ble components in municipal waste make up 50-88%, calorific
power of solid municipal waste is 800-2000 kcal/kg.

In global practice the obtaining of energy from solid municipal
waste is implemented in several ways: through burning, active and
passive gasification. At present, the possibility of gasification of
solid municipal waste for energy production is under investigation,
since currently this technology does not exist in Belarus.

Nuclear Power

The issue of nuclear power plant (NPP) construction in Belarus
is not a new one. It was planned to put into operation the first unit
of the Minsk nuclear heat and power plant (2xI000MWt) in 1989.

167



Also, it was decided to build Belarusian NPP with capacity of 6000
MWt. These activities were suspended after the Chernobyl acci-
dent in 1986. Seventy percent of the fallout from Chernobyl landed
in Belarus; 23% percent of Belarusian territory is contaminated.

In recent years the Belarusian government again explored the
feasibility of constructing a nuclear power plant. For that purpose a
special commission was formed in 1998: the Commission on the
Evaluation of the Expediency of the Development of Nuclear Energy
in Belarus. In late 1999, this Commission recommended that Belarus
should not build a nuclear power plant within the next ten years.

Text 10.

Renewable Energy in Belarus

Introduction

The Republic of Belarus belongs to the group of countries
without their own considerable energy and fuel resources (EFR).
The EFR include: crude oil, natural gas, peat, water resources and
biomass. Belarus’ own power resources satisfy 15-17% of its EFR
requirement.

There are practically no other sources of energy in Belarus oth-
er than those of renewable character. Therefore, the share of re-
newable energy amounts to 80% of the country’s own EFR.

At present, the Republic of Belarus is in the process of imple-
menting the “Target electricity and heat provision program for
achieving at least 25% of industrial production with the use of lo-
cal types of fuel and alternative sources of energy by the year
20127, In order to provide 25% of electricity and heat with the use
of local EFR, it is necessary to boost their production up to 5,93
million tons of oil equivalent (Mtoe) per year, and to use the sec-
ondary resources such as heat energy, as well as primary resources
from wind turbines and biogas in the amount of 0.82 Mtoe per year.
In light of the above, the plans assume that by the year 2012 the
use of local energy resources, including secondary heat resources,
wind, solar and biomass energy, will be increased by 2.8 Mtoe. So
far emphasis has been placed on the implementation of the pro-
gram focused on the use of wood and wood waste. The potential of
other renewable sources of energy is not taken advantage of to a
significant degree.

Renewable and Alternative Energy in the Energy Policy of Belarus
The concept of power safety considers the share that local fuel
types have in the EFR balance to be one of the primary indicators.
In Belarus, the share of local fuel types (LFT) in the overall bal-
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ance currently equals 17%. In line with the assumptions, the share
of LFT will be increased to 20.5% by 2010, 27.5% by 2015 and
31.6-34.5% by 2020.

The draft Act “On non-traditional and renewable sources of
energy” is currently in consultation by the Council of Ministers.
It is expected that the Act will set out (1) the directions of state
regulations concerning development and the use of non-traditional
and renewable sources of energy (NTRSR) and (2) the directions
for public support of NTRSR.

The draft Act has not been published, but in line with official
declarations its major assumptions relate to the following: (1) guar-
anteeing a power grid connection for all power systems using non-
traditional and renewable sources of energy, (2) obligatory pur-
chase of energy from such systems by state enterprises dealing
with provision of energy, (3) a preferential energy tariff (it is ex-
pected that the preferential rates will be paid throughout the sys-
tem’s entire useful life).

By introducing such regulations, the Act “On non-traditional
and renewable sources of energy” may serve as a guarantee of sup-
port for alternative and renewable energy sectors, and will help
overcome numerous problems and obstacles on the path to increas-
ing the share of renewable energy sources in the EFR structure to
25% and beyond. It is still too early a stage, however, to speak
about the Act’s effectiveness, as its provisions have to become
widely known first.

Under the decision of the Council of Ministers of the Republic
of Belarus No. 400 “On development of small and non-traditional
power plants” dated 24 April 1997, whose wording was amended
by the decision No. 288 “On the development of small and non-
traditional power plants” dated 28.02.2002, (1) a concept has been
worked out for the development of small and non-traditional power
plants in the Republic of Belarus, (2) a guarantee has been given
for the connection, to the power grid of the Republic of Belarus, of
small and non-traditional power plants owned by business entities,
regardless of their form of ownership, and the payment for power
provided by such entities has been guaranteed, (3) a system has
been worked out for determining tariffs for electricity purchased
by the power system from small and non-traditional power plants.
At the same time, decision No. 91 by the Ministry of Economy of
the Republic of Belarus dated 31.05.2006 sets out an increased tar-
iff for purchasing electricity from renewable energy sources with
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the factor of 1.3, which equals approximately 10-12 eurocents (and
for minim heat plants using natural gas — 0,85).

However, the existing mechanisms are insufficient to stimulate
the development of the sector based on renewable energy sources.

In line with the “Target program....” and other comprehensive
programs for state authority organs (ministries, corporations, local
executive committees, etc.) tasks have been defined aimed at im-
proving the use of local power resources, with the level of increas-
ing the use of LFT by 2012 defined, as well as specific actions have
been devised with the year of commissioning, as well as the amount
and sources of financing also determined. Thus, no stimulation for
the implementation of the “Target program...” has been envisaged,
and administrative guidelines have been defined instead.

There are three major institutions responsible for shaping and
implementing the policy on renewable energy sources: Energy Ef-
fectiveness Department of the State Standardization Committee of
the Republic of Belarus, the Ministry of Energy and the Ministry
of Natural Resources and Environment Protection. There is, how-
ever, no single coordinating body. The duties of those institutions
include planning, implementing and monitoring activities related
to renewable and alternative energy sources. The Belarusian Acad-
emy of Sciences is responsible for development of the scientific
and technical background for implementation of projects related to
renewable and alternative energy sources.

The potential of renewable energy sources in Belarus

The potential of wind energy is estimated to equal 1,9-2,0
Mtoe per year. The potential of wind farm energy is estimated at
220 billion kWh. The wind energy sector is growing rather slowly
in Belarus, as investors are faced with significant problems in the
Republic of Belarus, and the development of wind farms is not too
profitable for local power systems. There are only two regular wind
turbines existing in Belarus at present. Their power rating equals
270 kW and 660 kW respectively and they are situated in the vil-
lage of Druzhnaya in the Myadele Region. Architectural designs
have been worked out for the construction of Belarus’ largest wind
turbines with the power rating of 1,2 MW, to be situated in the vil-
lage of Grabniki (Unitary Republican Enterprise “Grodnoenergo™).
The government has commenced an analysis of the wind energy
sector development program in Belarus for the years 2008-2014. It
is expected that wind farms should be commissioned in 2010 with
the total power output of 3,7 MW, by 2012-5,2 MW, and by 2014—
15 MW. The projects are currently in the planning stage, and envi-
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sage establishing partnerships with local power systems in order to
construct wind farms with the estimated total power output of 20—
30 MW each. In addition, the relevant standardization and legal
base should be prepared by 2010. In order to effectively implement
wind energy related projects, it is necessary to carry out actual
measurements to determine the size of wind energy resources,
launch the production of equipment suitable for Belarus’ climatic
conditions, as well as gather experience in designing, implement-
ing and running wind farms.

The potential of solar energy for hot water provision is esti-
mated at 1.25-1.75 Mtoe per year, and for production of electrici-
ty —at 1,0-1,25 Mtoe per year. The solar power sector has no indus-
trial significance at the moment. Only several experimental systems
exist at present. No use of solar energy on a wider scale is planned
in Belarus in the nearest future.

The major directions in the production of energy with the use
of biomass are as follows: (1) crop waste; (2) animal breeding
waste gas; (3) wood and wood waste; (4) phytomass (plant bio-
mass) and (5) municipal waste.

The use of crop waste as fuel is a new direction in the produc-
tion of energy in the Republic of Belarus. The overall energy po-
tential of crop waste is estimated at 1.46 Mtoe per year. The poten-
tial amount of biogas that can be obtained from animal breeding
facilities amounts to 160,000 tons of oil equivalent per year. The
launch of 10 biogas installations is planned in Belarus by 2010. At
present, there are 3 biogas installations in operation in the Republic
of Belarus (in the towns of Zaslavl, Brest and Homel). Introduction
of biogas installations requires that numerous obstacles be over-
come. One of them is the lack of interest by farms which are still
offered electricity at preferential prices. The plans, however, as-
sume that private foreign investors will be acquired to build, every
year, 810 installations for recovering and using biogas produced
in the course of the animal breeding process. The potential energy
included in municipal waste created in the territory of Belarus
equals 470,000 tons of oil equivalent. The effectiveness of process-
ing organic waste to produce gas will equal no more than 20-25%,
which equals 100-120 thousand tons of oils equivalent. The con-
siderable amount of waste collected over the years at landfill sites
is also to be taken into consideration. Belarus has some experience
in implementing projects concerned with the use of landfill gas —a
project of this type was carried out, with the use of private investor
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funds, at the “Trostynets” landfill site, and the system’s power rat-
ing equaled 3.0 MW.

The economically effective potential of wood and wood waste
used for heat and electricity production equals 2.24 Mtoe in 2010
and 3.10 Mtoe in 2012. Switching to local fuel types is carried out
under centralized state scrutiny, which, on the one hand, offers in-
centives for using wood fuels to provide heat energy, but on the
other hand, it has to be borne in mind that enterprises are mainly
concerned with the amount of wood they burn, and not the proj-
ect’s economic feasibility. It is often the case that production of
heat at local heat plants with the use of wood is 2-2.5 times more
expensive than in the case of natural gas. The above is caused
mainly by a deficient wood fuel collection and processing system,
low level of automatization, and the fact that in many instances
unsuitable types of wood are used. The problem could be solved by
replacing the mechanisms used for stimulating the use of wood fu-
els with those based on the free market principles. The develop-
ment of and support for small private businesses to boost their
share in preparing wood for energy production purposes is consid-
ered a prospective solution. The mini heat plants in Osipovichi and
Vileyka have been adapted to use wood as part of a few pilot pro-
grams. Approximately 50 other boiler plants have been constructed
or modernized.

The economic use of energy provided by small rivers equals to
0,11-0,15 Mtoe per year. The potential power rating of all Belarus’
rivers is 850 MW, with the use of 220 MW out of that amount be-
ing economically feasible — this is the target figure that the total
power rating of all small water power plants in Belarus is expected
to reach by 2020. Currently, the Belarusian power grid uses water
plants with the installed power of approximately 20 MW. About
4% of the total water energy potential has so far been used in the
Republic of Belarus. Within the next few years the following are to
be commissioned: Grodno Power Plant with the power rating of 17
MW on the river of Neman, Polotsk Power Plant (23 MW) on the
river of Dvina, a Dnieper power plant (5 MW) and mini power
plants on the rivers of Moroch, Sluch, Rich, Servech, Isloch and
other small rivers.

According to relevant analyses, it is possible to construct hun-
dreds of water power plants in Belarus. At present, construction of
the first geothermal station is planned in the vicinity of Brest, in the
“Beriestye” heat plant. The plans assume that water with the tem-
perature of 25-30 degrees centigrade will be pumped to heat the
greenhouses of a state owned agricultural enterprise.
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In Belarus there are isolated cases in which renewable energy
sources are used to cater for private needs — construction of eco-
homes (the “Eco Home” Social Organization, Minsk City Branch
of the International Social Ecologist Organization); installation of
a rotor wind turbine to provide energy for an office (“Mohylev
Technopark™ Joint Stock Company).

In 2008 the first two biogas-powered plants were commis-
sioned in Belarus — at the “Belorussky” fowl breeding farm in the
town of Zaslavl (340 kW — stage I) and in the “Zapadny” selection
and hybrid center in the Brest Region (520 kW). Construction work
at the biogas complex in the “Homel Fowl Farm” Inc. is at its final
stage at the moment. Construction of biogas complexes is also un-
der way at animal breeding farms in Lan-Nesvyezh and Snow. In
the “Rassvet” kolkhoz in the Kirov Region a biogas production
system with the power rating of 3 MW is being prepared.

Conclusions / Prospects

Development of the renewable energy sector is of particular
importance for the Republic of Belarus. It is the only means of in-
creasing the country’s actual independence, primarily from Russia.
As discussing independence of a country that relies on “gas injec-
tions” is inappropriate, development of the renewable energy sec-
tor will positively impact both the economic and environmental
situation of Belarus. The potential that Belarus has in the field of
renewable energy sources is immense. Some research has already
been conducted, and the authorities, as well as local government
and coordinating entities are receiving the information. The market
is in the “starting blocks”. It is high time that leaders appeared,
who will guide the development of the renewable and alternative
energy sector.

Text 11.

Alternatives to Using Eco-fuels Already
Being Tested Successfully

Drivers maybe unaware that, in buying diesel, they are pur-
chasing a biofuel; the only giveaway is the green mark on the
pump. The latest development will soon be available countrywide,
with supplies being distributed from Belarus’ only such plant,
which makes the fuel from rape seed oil. Grodno Azot JSC made
its first batch in early August and is now at maximum capacity —
7 tonnes a day. The company’s Chief Engineer, Andrey Sirotin,
holds up a bottle of fragrant brown liquid and explains, “To make
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biofuel, we have to mix the oil with methanol; since we are the
only producers, we have a unique market niche.” Alternative fuels
began appearing some time ago, with scientists all over the world
working hard to fund substitutes for refined oil products.

In Italy, they mash grape-stones to create oil, but rape seed is
the most suitable product for Belarus. “We can generate three
tonnes of seed from a single hectare — enough to make a tonne of
oil. After mixing with methanol, we receive one tonne of fuel: rane
share comprises just 5 percent of the total, meeting European stan-
dards,” stresses Georgy Ushkevich, Deputy Head of Perspective
Development and Investments at Belneftekhim. He has high hopes
for the project, which is now being tested by the Minsk Motor
Plant. The new diesel is less toxic and smoky and provides better
lubrication than ordinary diesel fuel. Diesel comprising 30 percent
biofuel is now being tested and Grodno Azot’s General Director,
Alexander Radevich, is convinced that interest will continue to
grow, “Initially, our plant is producing 2,000 tonnes a year. Within
12 months, we plan to install new equipment, enabling us to manu-
facture 60,000 tonnes. We need double this amount, in fact.”

Belneftekhim has announced plans to expand biofuel produc-
tion to Mogilev’s Khimvolokno site.

Text 12.

Storing Wind Power as lce?

Of the total amount of electricity generated by all sources,
about 75% is used by buildings, a major fraction of which is con-
sumed by air conditioners. With the demand of renewable energy
increasing with every passing day, inventors are trying to find the
best possible means to store the generated energy during the best
time, to provide power when the generators aren’t getting the re-
sources they need. It is a natural phenomenon that the wind blows
stronger at night than in the day. We don’t need that extra energy
during nighttime. We can store this energy and use it during day-
time when the load is too much on the grid.

When we utilize alternative sources of energy, how to store the
energy poses a big problem. Scientists often create giant sized bat-
teries or compressed air and hydroelectric storage. But now a com-
pany, Calmac Booth is thinking of storing extra power in ice!

Air conditioning in the summer consumes the lion’s share of a
building’s energy cost. Calmac Booth is manufacturing a hybrid
cooling system. This system exploits an ice bank thermal energy
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storage tank known as IceBank. IceBank makes and stores ice for
use in air conditioning systems when the wind is blowing a bit fast-
er or the sun isn’t shining, that is, at night.

Heavily insulated polyethylene is used to manufacture the Ice-
Bank tanks. They also contain a spiral-wound, polyethylene-tube
heat exchanger surrounded with water. The tanks are available in a
variety of sizes. According to one’s need it is available from 45 to
over 500 ton-hours. When the charging cycle is going on, a solu-
tion containing 25% ethylene or propylene glycol is cooled by a
chiller. In the next step this solution is circulated through the heat
exchanger inside the IceBank tank. It has to be noted that the ethyl-
ene-based or propylene-based is an industrial coolant. These cool-
ants are particularly devised for low viscosity and superior heat-
transfer properties.

The unique property of the IcaBank is that the ice is built uni-
formly throughout the tank. Charging cycle of an IceBank tank
takes about 6 to 12 hours. This device can also be utilized in con-
junction with a solar panel array.

During summer time the entire system tries to survive during
peak hours. IceBank simply prepares ice at night, when electricity
is cheaper and it is cooler. During afternoon, this stored energy can
be consumed by running air conditioning. At that time it is hot and
electricity is in short supply. IceBank can help in reducing the load
on the grids during peak hours. According to the company reduc-
ing electricity demand for cooling can cut energy costs by 20-40
percent. That reduction also translates into fewer emissions from
power plants.

This system can be applicable to those buildings too which are
without on-site renewable energy power generation. Ice can be
prepared during night i.e. off-peak time. During off-peak, electric-
ity is cheaper and cleaner baseload generation can be used. Calmac
explains that for every kilowatt-hour of energy that is shifted from
on-peak usage to off-peak, there is a decrease in the source fuel
needed to generate it. This reduction can be between 8 and 30%.

Text 13.

Tokamak

A tokamak is a machine producing a toroidal magnetic field for
confining a plasma. It is one of several types of magnetic confine-
ment devices, and it is one of the most-researched candidates for
producing controlled thermonuclear fusion power.
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The term fokamak is a transliteration of the Russian word
“roxamak” which itself is an acronym made from the Russian
words: “roponjanbHas KaMepa ¢ MarHUTHBIME KaTymkamu” — tor-
oidal chamber with magnetic coils (possibly tochamac). An alter-
native, possibly older, abbreviation exists, meaning toroidal cham-
ber with axial magnetic field. It was invented in the 1950s by So-
viet physicists Igor Yevgenyevich Tamm and Andrei Sakharov.

The tokamak is characterized by azimuthal (rotational) sym-
metry and the use of the plasma-borne electric current to generate
the helical component of the magnetic field necessary for stable
equilibrium. This can be contrasted to another toroidal magnetic
confinement device, the stellarator, which has a discrete (e.g. five-
fold) rotational symmetry and in which all of the confining mag-
netic fields are produced by external coils with a negligible electric
current flowing through the plasma.

Although nuclear fusion research began soon after World War
I, the programs were initially classified. It was not until after the
1955 United Nations International Conference on the Peaceful
Uses of Atomic Energy in Geneva that programs were declassified
and international scientific collaboration could take place.

Experimental research of tokamak systems started in 1956 in
Kurchatov Institute Moscow by a group of Soviet scientists led by
Lev Artsimovich. The group constructed the first tokamaks, the
most successful of them being T-3 and its larger version T-4. T-4
was tested in 1968 in Novosibirsk, conducting the first ever quasi
stationary thermonuclear fusion reaction.

In 1968, at the third IAEA International Conference on Plasma
Physics and Controlled Nuclear Fusion Research at Novosibirsk,
Soviet scientists announced that they had achieved electron tem-
peratures of over 1000 eV in a tokamak device. This stunned Brit-
ish and American scientists, who were far away from reaching that
benchmark. They remained suspicious until tests were done with
laser scattering a few years later, confirming the original tempera-
ture measurements.

In an operating fusion reactor, part of the energy generated will
serve to maintain the plasma temperature as fresh deuterium and
tritium are introduced. However, in the startup of a reactor, either
mitially or after a temporary shutdown, the plasma will have to be
heated to its operating temperature of greater than 10 keV (over
100 million degrees Celsius). In current tokamak (and other) mag-
netic fusion experiments, insufficient fusion energy is produced to
maintain the plasma temperature.
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A tokamak contains reacting plasma which spirals around the
reactor. Since a high number of reactions per second is required to
sustain the reaction in a tokamak, high energy neutrons are released
quickly in large amounts. These neutrons are no longer held in the
stream of plasma by the toroidal magnets and continue until
stopped by the inside wall of the tokamak. This is a large advan-
tage of tokamak reactors since these are very high energy neutrons;
the freed neutrons provide a simple way to extract heat from the
plasma stream. The inside wall of the tokamak must be cooled be-
cause these neutrons are at a high enough temperature to melt the
walls of the reactor. A cryogenic system is used to cool the magnets
and inside wall of the reactor. Mostly liquid helium and liquid ni-
trogen are used as refrigerants. Ceramic plates specifically de-
signed to withstand hot temperatures are also placed on the inside
reactor wall to protect the magnets and reactor.

Sources

www.ucc.ie/en/engfac/.../energyeng/faq/
outsideinnovation.blogs.com
www.alternative-energy-news.info/storing-wind-power-as-ice/
www.pravo.by.
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VOCABULARY

Aa

ability » — cnoco6HocTh, BO3-
MOXKHOCTh

absorb v — BnuThIBaTH; abcop-
GUPOBATH; MOIJIOMIAT

absorption n — nnThIBaHHE; a0-
copoOIHs; IIONIONICHNE

abundant adj — o6uibHBI, Oora-
ThIH, H300MIIYIOTIHI

account v — 1) (~for) Bxonurs
BO (4T0-11.) B pa3Mepe, KOJIH-
YeCTBE; COCTAR/ISTh YacTh OT 00-
Iero Kojudecrsa (4ero-i.);
2) (~for) 0OBSACHITD (4TO-I1.);
OBITH HPHYHHOH (deMy-iL.),
BBI3BIBATh (YTO-JI.)

acetic acid n — yxcycHast kuciora

achieve v — nocrurare, 106MBaTHCS

adaptable adj — nerxo mnpu-
crocabInBaeMbli

additive n— 1) no6aBxa; npucajaka
2) npumechb

adjustment » — 1) pery;impoBanue;
COIJIACOBAHUE; 2) PETYIUPOB-
Ka, ITOATOHKA, HATAAKA, Ha-
crpoiika; 3) npucnocabin-
BaHHE, aAaIITaI[Hs

advancement n — MponBIKEHHE,
mporpecc

airfoil n — 1) asponunamuueckas
MTOBEPXHOCTh; KPBUIO; IIPO-
bk KpbLIa; 2) IETaNb C 23p0-
JMHAMHYECKHM ITpoduiIeM

alpha radiation » — ansda-uzny-
HEHUC

altituden — 1) BbicOTa; BRICOTA HA T
YPOBHEM MODS; 2) BBHICOTA,
pasMep 10 BEPTHKAIH

ammonia n — aMMHax

anthracite n — anTpanur
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appliance n — 1) o6opynosanue;
pubop; HHCTPYyMeHT; 2) pl.
OBITOBOE 000OPYIIOBaHKE, ObI-
TOBBIE TNPHOOPBI, OBITOBaS
TEXHHKA

application » — npumeHneHue, uc-
IIOJIB30BAHKE, YIIOTPeOIeHHEe

approximate adj — 1) Gumskuii,
HAXOISIMHCS OJIM3KO; 2) TIpH-
ONU3UTEIIBHBIH, IPUMEPHBIH;
3) cxoHbIH, OIH3KHiT

approximate v — 1) npubiu-
JKaThCS; IIOUTH  COOTBET-
CTBOBATH (ueMy-i1.); 2) ObITH
IIPHOIM3UTENBHO  BEPHBIM,
IIPHOIM3UTENBHO PABHATHCS

approximately adv — npubiu-
3UTENBHO, OJIU3KO, OKOJIO
IIOYTH, TIPUOIIKESHHO

ash » — 3014, nenen; nutax

attach v — mpucoenuusaTe

available adj - noctynHbIi;
HMEIOIIIHCS B PACTIOPSDKEHUT

axis # — och, BaI

Bh

bake v — 1) oGxurare; 2) 3arep-
JIeBaTh

barge n — 6apxa

barrel n — 6appens (mepa srcuo-
KUX, CLINYYUX U HEKOMOPbIX
meepovix Mamepuaios)

beta radiation — Gera-uziyueHue

biodegradable adj — nonnaro-
HIMHCS GHOJIOTHHECKOMY pa3-
JIOKEHUIO; PacTaJaroNTHHCs
JI0 IIPOCTBIX BEUIECTB IO,
nefcTBreM GakTepuit

biomass » — 6uomacca

bituminous adj — OuTymHBII

blend v — cmemmBars



blend n — cmecs

bonfire n — xoctep

branch n — 1) BeTBb, BeTKa (pac-
menuil) 2) OTPacib, moapas-
IeIeHHe

bundle » — cBsa3ka; my4qox

butane n — Oyran

byproduct # — oOOuHBIH IPORYKT

Ce

calorific adj — Tennosoii, Tepmu-
YEeCKHUH

campfire # — GUBaYHBIH KOCTED

capacity n — 1) BMECTHMOCTSD,
00beM; 2) CIOCOBHOCTE (4mo-.
denamv); 3) BO3MOXKHOCTB;
4) MOIIHOCTB, HATPY3Ka;
IIPOM3BOAUTEIBHOCTD

capitalize v — u3B1exaTs BHITOIY
U3 Yero-J., HCIIOJIB30BaTh IS
COOCTBEHHOM BBITOJIbI

capture v — 1) 3aBnazners, 3axBa-
TUTH, YBJIEYb; 2) IIOIJIOIIATE,
3aXBaTHIBATh

carbon n — yriepon; yroas

carbon dioxide » — yriuexucnora;
YIJIEKUCIBIN Ta3

catalyst » — xaranuzarop

cause v — 1) IIOCIYXHTHh IIPH-
YHHOM, TOBOJIOM (/15 HeT0-IL. );
MOTHBHPOBATH (YTO-JL.), BHI-
3bIBATh; 2) 3aCTARISTH; JOOU-
BATHCS

causticity # — e1KOCTb, XKI'y4ecTb;
CIIOCOOHOCTH pa3pyIIaTh Op-
raHHYECKHE TKAaHH

cell phone # — coroBsiii Tenedon

charcoal n — npeBecHbIi yroan

charge v — 1) 3apsokare (akky-
Myiszmop);  2)  Harpy»xars,
3arpyxkarb (Veors 8 monky);
3) HaceIaTh, HAIOJHATH;
4) 3anoiHATH, HAILOJIHATH,
IIPOHU3BIBATH

chiller n — XoJI0MWIBHUK, X0JIO-

JIMIIbHAS yCTaHOBKA

cluster » — 1) cxomieHue, KOH-
LeHTpaIwms; 2) rpyma

coal deposit n — yronsHOE Mec-

TOPOXKJICHUE
co-firing n — COBMECTHOE CXH-
raHme

co-generation » — KOMOMHHUpO-
BAHHOE IIPOM3BOJICTBO TEIl-
JOBOH M  DIEKTPHUECKOH
SHEpPruu

coke 1 — xoxe

collide v — 1) cranxuBarecs; coy-
apATHCS; 2) CTAJIKHBATHCS,
MIPUXOJUTH B IIPOTHBOPEUNE;
KOH(IHKTOBATh

combine v — 1) oObenuHATH,
co4UeTath; 2) COCNHHATHCS,
00BEIUHATECS; 3) KOMIIOHO-
BAaTh, COCJUHATh

combustible adj — Bocruame-
HSIEMBIH, TOPIOYHI

combustion » — ropenue, BO3-
rOpaHue, CKUTAHUE

comparable adj — 1) 3acay-
SKHBAIONIMH CPABHEHHUS; 2) CO-
ITOCTaBUMBIH, CON3MEPUMBIH

compose v — COCTaBJIATh

compress v — 1) craBiIMBarh;
2) COKMMATH; 3) CIUTFONITUBATE;
IIPeccoBaTh

coOncern v — 3aTpParuBaTth, Ka-
caThCs, HMETh OTHOILICHHE

concern »n — 1podiema; BOIpoc,
TpeOyronuii penieHns; 3a00Ta

concurrent adj — 1) copmnanaro-
IuH; 2) CONMyTCTBYIOIIMIA;
nmapayuleapHBIH; 3)  JeHcT-
BYIOIIIHH B3aHMO3aBHCHMO

conduct v — IpoOBOIUTH

conductor # — IPOBOTHUK

consecutive adj — 1) mocie-
JIOBATEJIBHBIN;,  (HENpephIB-
HO) CJeAyIOIMH Apyr 3a
IpyroM; 2) JOTHYHBIH, yIIO-
PAIOUEHHBII
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consider v — 1) paccmaTpuBars,
obcyxknarb; 2)  B3BEIH-
BaTh, OOJYMBIBaTh, IIPOAY-
MBIBaTh; 3) yMaTh, IT0J1arath,
cuMTaTh; 4) IPUHUMATH BO
BHHMaHME, YIUTHIBAThH

considerably adv— 3HaunTensHO,
MHOTO

consistent adj — 1) nocnenosa-
TEJIbHBIH; 2) ITOCTOSTHHBIH

consistently adv — 1) B coorBet-
CTBHH C, COIJIACHO; 2) IOCIIe-
JIOBATEIBHO,  CONIACOBAHHO;
3) enuHOOOPa3HO, PpaBHBIM
obOpazom

construct v — CTpOMTB, COOpY-
JKath;  BO3JBUIarh;  KOH-
CTPYHPOBATh

consumer x — NOTpeduTeNb

consumption » — norpebieHue

contact 7 — 1) CONPUKOCHOBEHHE;
2) CBSI3b, KOHTAKT

contain v — coziepxars B cebe,
BKJIIOYATh, MMETh B CBOEM
COCTaBE; BMEIIATh

containment n — 1) 3amuTHag
obosouka (adepHozo peak-
mopa); 2) CclepKHUBaHUE;
3) repMEeTHHHOCTD

content n — conepKaHue

contribute v — coneicTBOBATS,

CIocoOCTBOBATh,  BHOCHTH
BKJIAJL

control rod — ymnpaBnstonmii
CTEPIKCHB

convection 7 — KOHBEKIIUS

convenience n — 1) yro6¢erBO,

ynoOHOCTh; 2) Onarompu-
SITHAsE BOBMOJKHOCTD; 3) IpH-
CIOCOOJICHUE, MEXAHU3M, yC-
TPOHCTBO

conventional adj — oOBIYHBI,
OOBIKHOBEHHBIH, TPAUI[HOH-
HBIil; OOIEIPHHSTHIH

conversion n — 1) npespalieHue,
npeobpazoBanue, obpare-
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HHe; 2) KOHBEPCHUS, pecT-
pyKTypH3anus 3) XuMHue-
CKOE IIPEBPAIICHHE, PEAKIUS

convert v — npeoOpa3oBbIBATH;
mpeBpaniark, TpaHcHOPMHU-
poBath

conveyor belt n — xouBeiiepHas
JICHTA; JICHTA TPAHCIIOpTEpPa

coolant »n — oOxJuaxmarIUi
areHT, OXJaXKjamwlee Bellle-
CTBO, OXJIAKJAMONIAS SKHII-
KOCTb, OXJaJUTelb (areHT),
TEIUIOHOCHUTENh  (SIIEPHOTO
peakrTopa), XJIafareHT

cosmic adj — 1) KOCMHYECKHIL;
2) GonpnioH, IPaHAMO3HBIN;
KOJIOCCAIBHBIN; MHPOBOI

counterpart n — 1) nyGmuxar,
KOTIHST; 2) aHAJIOT

cover v — 1) HakpmIBaTh, 3a-
KpPBIBAaTh, TOKPHIBAT; 2) 3111~
12Tk, OTPAXKIATh, YKPHIBATH

crayon n — KapaHjani

create v — MOpOX/aTh, IIPOU3BO-
JIMTh; CO3/1aBaTh, TBOPUTH

critical adj — pematonuit, KpuTH-
YEeCKUH

crude oil » — ceIpas, HeounIeH-
Has HedTh

crumbly adj - xpomammuiics,
PACCHIITYATHIH, XPYIIKHI,
JIOMKHIH, PBIXJIBIH

cryogenic adj — KpHOTEHHBIH

current 7 — 1) cIpys; IOTOK,
TeUeHUe;, 2) TEUeHHE (8pe-
Menu); Xon (cobvimuil); 3) TOK

current adj — TeKyuuii, JaHHBIHA,
COBPEMEHHBIH

Dd

dam » — mioruHa

decaying adj — pasnararonguiics,
THHFO I

define v — 1) onpenensars, 1aBars



onpejielieHue; 2) Xapakre-
pH30BATh; OIPEIeNIiTh, yCTa-
HaBJIMBATh

dehumidification n — ocyme-
HHE (8030yxa, 2asza); yna-
JICHHE H30BITKA BJIATH; BBICY-
IIMBaHHE

demand v— 1) tpe6oBars; 2) Hyx-
JIaThCs

deodorant n — nesonopanT

depend v — 3aBucers

deposit » — 1) omioxenue; 2) oca-
JIOK; 3) MecTopox/cHue, 3a-
JISKD (HONE3HbIX UCKONAEMbiX)

deposit v — omiararses,
OCaKNATHCA

depth » — my6una

derive v — 1) noay4ars, usBie-
KaTh; 2) BBIBOJMTH, IIOJY-
4arh; 3) ycTaHaBIMBATH IIPO-
HCXOKJIEHNE

derrick n — neppuk-xpan

desiccan »n — BrIcyIMBaroIee
BEIIECTBO, JIGCCHKAHT,
CHKKAaTUB, OCYIIUTEIb

device n — ycTpolicTso,
IIpUCIIOCOOIEHNE;
MEXaHM3M; aIapar,
MainuHa, npudop

diatoms » — JWaroMoBBIC
BOIOPOCIIN, TUATOMBI

dieseln — nqu3ens, nU3EIbHBIR
JBHUIaTCIIb

dime » — monera B 10 1ieHToB

dinosaur » — quHO32Bp

disconnect v — pa3peTUHATH,
pas3nessiTh, pa3odnark,
OTCOECJUHATD; PACHEILUIATH

dishwashing liquid — xnnxoe
MOMOIIEe CPEACTBO

disintegrate v — pasgensTs
Ha COCTaBHBIC DJOJICMCHTHI,
packiajpiBaTh Ha COCTaB-
JIAIOIKE, I€3UHTETPUPOBATH

disruption » — 1) pa3pyenue;

2) paspbIB; IOJPHIB; 3) Ha-
pylIeHHe

distribute v — 1) pacnpenensrs,
pasnaearh; 2) pacipocTpa-
HATD

doorstep n — iopor

draft n — Tsra; CKBO3HSIK

dramatic adj — peskuii, cyue-
CTBCHHBIH (06 UsmeHeHusx)

dramatically adv —
3HAYHUTEIIBHO, CHIIBHO

drilling » — 1) cBep:ienue; 2) Oy-
peHne

dry v — cymmts

dump » — cpayka

dung cake — 6puker oprauutdec-
KOTO ynoOpeHus

Ee

ecosystem » — 3xocucTeMa

electrical grid — snexrpuueckas
cerh

elevation n — 1) Beicota (Hao
yposHem Mops); 2) IOBBI-
LIIEHHUE, TIOJHATHE; 3) BBICOT-
Has0TMETKa;4)IPeBbIIICHNE;
S) moHATHE, TTOABEM

emission # — BBIICJICHHUE, pac-
IIPOCTPAHEHHE (Mmenna, cee-
ma, 3anaxa); BBIOPOC

emit v — HCIycKarh, BBUICJIATH
(ceem, menno); BHIOPACHI-
BaTh, U3BEPIaTh (nenei, Obim)

engine torque — KpyTSIMHA MO-
MEHT JIBHTaTeNs

enrichment n — oboramnenne

ensure v — rapaHTHpOBarTh, o0ec-
IIeYUBATh

enterprise n — IpeapHUITHE;
bupma; KOMIIaHUS

environment n — OKpyXaroIas
cpena

equation E = mc? - dopmyna
32KOHA B3aUMOCBSI3H MAcCChI
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1 SHEPTHHU (IHepaust = macca X
X KBAOPAM CKOPOCMU CBema)

equipment # — o6opynoBaHue

escape Vv — IIPOCAYMBATHCS;
YIETY4HBATHCS

essentially adv — 1) o cyniecty;
II0 CYIIECTRY Jieuia; 2) Cylue-
CTBEHHO,  CYIECTBEHHBIM
obpasom; 3) B BhICIIEH cTe-
IICHH; YPE3BbIYAHHO

establishmentn—1) yupexnenne;
IIPEANPHATHE; 2) CO3JlaHHE,
obpazoBanue

ethane n — oran

ethylene n — stuien

evaporate v — HCIapsTh; HCIA-
PSITHCSL, YIIETYYHBATHCS

evaporating — BbIIapUBaHUE;
HCTIApeHHe

exhaust » — 1) BBIILyCK, BBIXJIOI
(npoyecc @vixoda e2asza 8
OKpYAHCAOWYIo cpedy), 2) Bbl-
XJIOITHBIC I'a3bl

exhaustion # — ucromicHue; uc-

YyeplaHue
expand v — pa3BHBaTh, PacIIH-
PATH
expensive adj — noporoit
expertise n — 1) skcmeprusa;

JKCIIEPTHAs OIEHKA; 2) ue-
JIOBEUECKHH OIIBIT, 3HAHHC
nena; KBand(uKaus, KOM-
METEHTHOCTH; 3) HCKYCCTBO,
MacTepcTBO, YMEHHE
explode v — B3phIBaTH
exploitation n — ucrons3oBanue,
ynoTpeOieHHe, IKCILTy aTaIHs
explore v — 1) wuccienopars,
paccMarpHBaTh, M3y4arh,aHa-
JIM3UPOBATH; IIPOOOBATH, FKC-
NIEPUMEHTUPOBATE; 2) BBI-
SICHSITh, YCTaHABIMBATH, Y3-
HaBaTh, OOHAPYKHBATH
extensive adj — 1) 1mpoct-
PAHCTBEHHBIH, 00IaMAr0IIHIA
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IIPOTSDKEHHOCTBIO, I'POMA-
HBIH, OoubmION; 2) Bee-
CTOPOHHUH, NAJIEKO MLy IINH,
HCHEPIIBIBAIOIITUIT

extract v — 1ojly4arb, U3BJIEKaTh

extremely adv — upe3BbIuaiiHO,
KpaiiHe, B BBICILIEH CTEIICHH;
OYCHBb

eyesore — 1) 4TO-1I. IIPOTHBHOE,
OCKOPOHTENBHOE (dJi 2na3a);
2) GeapMO Ha [1a3y

Ff

feasible adj — 1) BO3MOXHBIH;
BBIIIOJIHUMBIH; OCYyIIECTBH-
MBbIif; 2) JONyCTHMBIH; ITOJ-
XOJSIIHH

feedstock — ncxonHOe CHIpHE

field pole — nosroc BO3OYKACHMS
(anexmpuiecko2o 08uzamens
uny 2enepamopa)

fireplace n — xamuH, ouar

fission # — neneHue; pacieIvicHue

flammability » — BocruiamensiemMocTs

flexibility » — anacTHaHOCTD,
rUOKOCTh, YIIPYTOCTh

flexible adj — rubxui;
THYNIHWACSH ; MSTKAH,
AMACTHYHBIA

flicker v— MenBKHYTH, TPOMEITBK-
HYTbh; MTHOBEHHO IIPOHECTHCH

focus (on) v — cocpenoTOUNBATS,
oOpamars (6HuMaHue U
M.N.); COCPEOTOUNBATHCS;
KOHI[EHTPHPOBATHCS

forefront n — nepenHUi 11aH;
BRJKHEHIIIEE MECTO

formaldehyde n —
dbopmanbaerus

fossil fuel » — wnckxomaemoe
TOILJIMBO

freely adv — cB0oOOHO; JeTKO

freestanding — aBTOHOMHBIH, OT-
JICIBHOCTOSIIH I



freewheeling — cBoboxHO Bpa-
IIAIOIITHHCS

fryer n— 1) oGxapounslii arapar;
obxxapotUHas BaHHA; 2) IUINTA,
3) cxoBopona

fuel cell n— 1) TOIIMBHBIN JIEMEHT;
2) TommBHas Garapest

fueling — 3ampaBka TOIINBOM;
obecIieueHne TOILTHBOM

fuelwood n — npoBa, npesecHoe
TOIUINBO

fulfil v — 1) BHIIONHATE; Jenarh,
UCIIOJIHSTh, OCYIICCTBIIATS,
coBepmIaTh; 2) 3aBeplIarh,
3aKaHYMBATh, OKAHUYUBATH

furnace n — ropH; ouar; med4p

fusion »n — 1) 1u1aBxa, 11aBICHHE;
2) paclulaBiIeHHas Macca,

pacruias
Gog
gamma radiation — ramma-u3iy-
qeHHEe
generate v — 1) BBI3BIBATH,

MIOPOXKJATH; 2) IIPOU3BOUTE;
T'€HEPUPOBATH, JIeJIaTh

generation n — 1) rexepanusi, re-
HEPUPOBAHHUE; IOPOKJICHHE;
2) obpazoBanue; (HOpMHPO-
BaHHWE; CO37aHue; 3) IOKO-
jgeHue; 4) IPOU3BOJICTRO;
BBIPA0OTKA; IOJIyHeHHIE

geothermal adj — reorepMasbHBIH

global warming — mio6ansHOE
IOTEIUICHIE

gravity n — cmia TSXKECTH, Ipa-
BUTAIIHS

guard v — OXpaHATh

Hh

habitable adj — 1) 3aceneHHbIi,
HACCIICHHEIA, OOMTacMBIit;
2) TONHBIA IS OKUJIBS,
YAOOHBIT TS YKHITBS, JKHIOH

harmful adj — BpenHbIii, nary6-
HBIH, I'yOHTEIBHBIH

harness v — Hcrosb30BaTh

heart valve — cepyieunbIit Kianax

hearth » — 1) nom, nomamiHui
ouar; 2) KaMUH

heat exchanger— Teri006MeHHIK

heater n — meus; o6orpesareins,;
HarpeBaTeIbHbIA Mpuoop

heating value — 1) reruiomnpo-
BOJIHOCTb; T€ILIOTBOPHASI CIIO-
COOHOCTB; 2) TemIora Cro-
paHus (moniuea)

hit v — ynapsars(cst), crajgkupars(cs)

house v — BMemars, conep:xarh

households n — xo3stiicTBO

humidity » — cepocTs,
BJIJKHOCTH

hydrocarbon » — yriesonopon

hydrepower n — runposHepreTuxa

ignited — 3amanenHbId, BOCILIA-
MCHEHHBIH

ignition # — 1) 3axuranue, Boc-
IIJIAMEHEHHE; BCIIBIIIIKA;
3aras; 2) IpoKaIuBaHUEe

illuminant #» — 1) wucro4HHK
cBeTa; 2) CBEeTHIBHHUK, OCBE-
TUTEJIBHBIA Npubop; 3) oc-
BEILAIOIIHNI; OCBETUTEIBHBIN

incineration n — cxxuranue

include v — 1) 3akro4ars, BKIIIO-
4aTh B cels, COIePIKaTh B cede;
2) BKJIFOYATH, IPUCOCIHHATE

incomplete adj — 1) Henocrarou-
HBbIH, HEIOJHBIA; 2) He-
JIOKOHYCHHBII, HE3aBep-
IICHHBIA, HE3aKOHYCHHBIN;
3) nedexTHBIN, HECOBEPIIICH-
HBIH; ySI3BHEMBII

increase v — yBenuuuBarh

inexhaustible adj — neucronu-
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MBI, HECKOHYAEeMBIH, HEHC-
YepriaeMbIi

infancy » — paHHSS cragus
Pa3BUTHSA, MEPHOJ] CTAHOB-
JICHUS; HadajbHAS CTANHS
Iporecca

influence v — pusTH

infrared heating — Harpes und-
PaKpacHBIM H3JIy4EHUEM

initially adv — B HauanpHOM
CTajuu, B Ha4ase

injustice n — HecnpaBeIMBOCTD

innovative adj — HOBaropckuii,
Mepe/oBOH,  PaIHOHATH3A-
TOPCKUH

installation # — ycranoBKka;
cOOpKa; HHCTAILISIIHS

instant # — MIHOBEHHE, MHI,
MOMEHT

integrate v — coBMemars;
00BEIHHATD; HHTETPUPOBATh

intermediate adj — npomexy-
TOUHBIH, IIEPEXOTHBIN

invoke Vv — OCYyIECTBIATH,
CIocoOCTBOBATh OCYNIECTB-
JICHHIO

involve v — Bxiarouars B cebs, co-
JIepIKaTh

iron ore n — xese3Has pyna

irrigation »n — opomenue

isotope n — u3oToN

Kk

kernel n — sinpo; cepaueBuHa
kind » — Bun, copr

leakage n — mporeuxa, Teus,
IIPOCAYMBAHNUE; YTCUKA
lethal adj — cmeprenbhslit; Je-
TaJIBHBIH; CMEPTOHOCHBIH
lift v — nmogHUMAaTh, IOBBIIATE
lignite n — nurunt, Oypbiit yrons
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limestone # — M3BECTHIK

liquefy v — miaBuTh, pacran-
JIUBATH; CHKHXKATh

liquid » — xuaKocTH

load n — 1py3; 3arpy’KeHHOCTB;
Harpy3ka

longitudinal adj — npononasHbIi

loops n — mems; 3MeeBHK

low-impact adj — Hu3KOrO BO3-
NEeNCTBHS

lubricating adj — cma3biBatomMH

Mm

maintain v — 1) o6ciyxuBars;
MOJIJIEPAKHBATH; CONEPKATH B
HCIIPAaBHOCTH; 2) SKCIUIyaTH-
poBaTh

manufacture » — IPOU3BOJIUT,
H3TOTABIIMBATH, BBIIIYCKATh

masonry » — KaMCHHas WK
KHPIHYHAS KJIaKa

measurement 7 — I3MEpeHUe

melt v — I1aBUTE; TasATh

methanol n» — 1) wmeTanoOwm
2) TOIUIMBO Ha OCHOBE
METHJIOBOTO CITUPTA

mine 7 — 1) KOIlb; IIaXTa; ropHas
BIPabOTKA; 2)3aJ1€XKb, MECTO-
POXKJIECHHE, DYIHHK; V —
3) [OpOU3BOAWTH TOPHBIE
paboThl, 10OBIBATH  PYIY;
pa3pabaTeiBaTh  MECTOPOXK-
JIeHHE

mitigation » — ocnabienne;
CMSITHEHHE; MTOJABJICHHE

modification » — u3meHeHue; BU-
Jou3MeHeHue;  Mojuduka-
1S, TpaHChHOPMAITHS

moisture » — BIAXHOCTb, ChI-
POCTB; BIara, MOKpOTa

molecule # — monexyna

motion n — IBHXCHHE; IepeMe-
HIEHHE; X0

multifunctional adj — wHoro-
GbYyHKIIHOHAIBHBIH



multitude » — MHOXECTBO;
0OJIBIIIOE YHCIIO; MAcca

Nn

natural gas n — npupoHbIi ra3

neutron 7 — HSHTPOH

nitrogen oxides # — oxcH/bI a30Ta

non-replenishable adj — Heso-
300HOBIISICMBbIi

nuclear adj — anepHblii; OTHO-
CSIIUHACS K aTOMHOMY SIADY;
OTHOCSAIIMHCS K  SJCPHOM
SHEPIHH

nucleus # — aromHOe PO

Oo

object n — 1) npenmer; Beury; 2)
00BeKT, IIpeaMeT; 3) 1enb

occupy v — 3aHUMAaTh

occur v — 1) BCTpedarbcs, IO-
IajiaTbesi; 2) IPOHCXOIUTH,
CJly4arThes, IMETh MECTO; 3 ) 3a-
sierars (0 Mecmopodicoenuir)

oil n — macino, HETH

operational performance—>skcn-
JIyaTalMOHHAS XapaKTEPUCTHKA

option n — BLIOOD, aNBTEPHATHBA,
BapHaHT

ounce # — yHITUS

overall adj — monHwIA, 061U, OT
HayaJia J{o KOHI[a

overcast adj — 3arsHyTBIH 00J1a-
KaM#; XMYPBIA

ozone depletion — wmctomnieHune
030HOBOTO CJIOS

Pp

paddle wheel » — rpe6roe
KOJIECO

particle » — qactuma; xpymuma

particulates n» — TBepnbie uac-

THIB B OTPabOTaBIINX, BBI-
XJIOIIHBIX I'a3ax

pellet » — TormBHas Tabierka
(ona s0eprozo peakmopa)

penetrate v—BXOIHTb, IPOHHKATh
BHYTPB; IIPOXOJMTH CKBO3b,
IIPOHHU3BIBATH

penstock # — 1) U103, NUTIO3HBIN
3aTBOpP; 2) HAIIOPHBIH Tpy-
60IpOBOR; TYpPOMHHBIH BO-
JIOBOJL

per capita — Ha uenoBeka, Ha
JYIy HAaCeJICHUS

personnel n — KOJUIEKTHB; Iep-
COHAJT; TUYHBIA COCTAB; IITAT

petroleum » — HebTH

photocell # — hoToanement

picosecond n — IMKOCEKyH/A

pipe n — Tpy6a

pipeline # — Tpy6omposor;
He(TenpoBox

plastics » — racrmacca,
IIJIACTHK

platinum catalyst — rarnHOBBIN
KaTaJn3arop

plug v — moskirO4aTs,
IIPOBOJUTH

plutonium » — wryTOHMI

portable adj — mnoprarHBHBI,
IIEPEHOCHBIH, IEPEIBIKHOM,
TpaHCIIOPTAOEIbHbII

potassium » — xanni

powder-coating #» — mopomkoBoe
IIOKPBITHE; IIOKPBITHE,
IIOJIYUEHHOE HAaIlblIJICHUEM
IIOPOLIKOBBIX MaTEPUAJIOB

power 7 — 1) MOIITHOCTB; 2) 3HEP-
r'ust; 3) HCTOYHHUK SHEPTUU

power plant » — 1) sHepreTuuec-
Kas ~ yCTAHOBKA,  OJHep-
TOYCTaHOBKa 2) 3JIEKTPH-
Yyeckast CTaHIUS, DJIEKTPO-
cranius, OC

praise v — XBaJUTh; BOCXBAJIATE;
IIPEBO3HOCHUTD, NIPOCJIABIIIT

preserve v — COXpaHsTh, cOe-
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perars; obeperarb, OXpaHaTh,

3aIUIATh
pressure 7 — 1aBJICHHE
pressurized adi — 1) mupec-
COBAHHBIH, 3aNpPeCcCOBaH-

HBIH; 2) TIION JIaBJIGHUEM,
HaXOASIIUICS IO JaBlie-
HHUeM; 3) TepMeTHYHBIN

primordial adj — mnepBuuHBIi,
HauaJIbHbIA

principle # — npaBuiIO; IPHHIIKIT

prior to prep — 10, neper

private adj — qacTHBIH

process n— 1) mporecc; 2) TEXHO-
JIOTHYECKHUH ITpoliece; 3) IpH-
eM, CI1I0cob

propane n — IIpoIaH

propeller-type blades — nonactu
IIPOIIC/UIEPHOTO THIIA

properly adv — no/DKHBIM 00-
pa3oM; Kak clejyer; Iipa-
BHJIBHO

proton »n — IIPOTOH

public utility company — xom-
MyHaJIbHAS KOMIIAHUS, KOM-
IIAaHUS KOMMYHAJIBHOTO XO-
3sicTBa [ KOMMYHAJIBHOIO
00CITyKUBaHHU | (xomna-
HUA, 3aHumarowyasica cHab-
JceHuem  2aszom, InNeKmpo-
aHepzuell, 80001 UNU NPedo-
cmasienuem Opy2ux KoMmy-
HATbHbIX YCy2)

purify v — ounmars

purpose n — 1ejib, HAMEPEHUC;
3aMbICe1, CTPEMIICHHE

Qg

qualification # — xBanupukams;
IIO/ITOTOBJIGHHOCTD, IIPUIOJ-
HOCTB; HaBBIK; CTCIICHb KBa-
JTUGHIEPOBAHHOCTH; Tpodec-
CHOHAJIU3M

quality n — xauecTBO
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quantity n — koIM4eCcTBO

Rr

radiant adj -
JIy4eBoit

range v — BApbHPOBATHCS,
x0s1e0aThest B Ipejeax

rarefaction n — 1) paspexeHnue;
PamKHIKEHHE; 2) Pa3peskeH-
HOCTH

raw material — HeoOpaboTaHHbIH
MarepHa; ChIpbe

reactor core — aKkTHBHAs 30HA
SZIGPHOTO PeaxKTopa

reciprocating adj —
KauarOIUHACS; IIOPIIHEBOH;
COBEPILAKOIIHI BO3BPATHO-
IIOCTYIATEIbHOE J[BIDKCHUE

recognize v — pacrio3HaBaTh;
OIIO3HABATH; PA3INIATD

reconfigure v — U3MCHATH
KOH(UTrypanuio,
PEeKOH(pHUIYPHPOBATD

recycling industry — nepepaba-
THIBAIOIIAS IIPOMBIIIICH-
HOCTH

reduce v — 0cinabisITh, IOHWKATD,
COKpAaIaTh, yMEHBIIATD

refinery n — HererneperoHHbI
3aBOJ|

refractory adj — 1) orneymnop, or-
HEYIIOPHBIA MaTepual; 2) xa-

JIyYHCTHIH,

POCTOMKHH;  TYTOIUIABKWIL;
3) IUIOX0  IOAJIAOIUHACS
nepepaboTke

refrigerant n — oxnaxnaroniee
BEIIECTBO, OXJIAJUTEIH

refuel v — mgozampaBuTHCH, IO-
TIOJIHUTH 3aITachl TOIUIMBA

regard v — 1) pacueHuBaTh, pac-
CMaTpUBaTh; CUHTATH;2)OTHO-
CUTBCH; 3) Kacathes (ko2o-1. /
4e20-1.), IMETh OTHOIICHHUE
(k kKomy-1. / uemy-u.); 4) nIpu-



HHMaTh BO BHHUMAaHHE, CUH-
TAThCS (C KeM-11. / uem-1.)
release v — 1) ocBoboxknars;
OTIYCKaTh; 2) BHIOPACHIBATE;
BBIIIYCKaTh; 3) BBLIEIATH

(oHEpruIO, TEIUIOTY)

relevant adj — peseBaHTHBII;
3HAUMMBIH; CYIIeCTBEHHBII;
BaJKHBIH

reliable adj — HanexHBbI;
BEPHBIH, HCITBITAHHBIH
rely on v — HajesThCH,

1OJIATaThCS
remain v — 0CTaBaThCs; HAXO-
JIUTHCS

remains n — pl. 1) pyussi,
pa3BaAJIUHBI, 2) OCTATKH

renewable source — B0300HO-
BJISICMBIH UCTOMHHK

repair v — peMOHTHPOBATh

requirement n — 1) tpeGoBa-
HHE, HeoOXoauMoe YCiIo-
Bue; 2) HajOOHOCTh, He-
00X0AUMOCTh, HYKJA, IO-

TpeOHOCTH

research department — orznen
HCCJIEI0BAHUI

resemble v — noxonute, uUMeTh
CXOJICTBO

reserve n — 3arnac, pe3eps

reservoir n—pesepByap; 6acceii;
BOJIOXPAHWIIHINE

residential adj — 1) xwioi (o
paiione 20poda); 2) CBS3aH-
HBII C MECTOM XKHTEJIBCTBA

residue » — ocTarku, OTXOABI

resurgence 7 — BO3POXJICHHE;
BOCCTaHOBJICHUE

reverse v — MCHSITh MECTaMH

rod 7 — CTEPXKEHD

rot v — 1) rHuTH, 2) pazia-
rarn(cs)

rotate v — Bpamarb(cs); 1noBopa-
YHBATH(CS)

rotor n — 1) porop; 2) padouce

xoieco (mypounel, Hacoca)
run out v — KOH4ATHCH, HCCAKATh
rush v — 6pocarscst, Muarbes,

HECTHCH, YCTPEMIISTHCS

Ss

sail v — maBare mox mapycamu
sample n — 1) obpazer;
IK3eMILLIp; 2) mpoda
sandstone » — ecuaHuk
sawdust # — 1peBeCHbIC ONMMIKH

sawmill » —  jecommixka;
JIECOITHJIBHBIH 3aBOJT

scatter v — 1) pasz6paceiBarsb,
PACCHINIATh,  PACKHUIBIBATE;

2) pasMmemarb (8 pasHuix
Mecmax) 3) pasroHsTH, pac-
CeuBarth

sedimentary rock — ocanounas
TOpHAas Mopoja

selectively adv — Be1GOpOUHO, 110
BBIOODY, H30UPATEIBHO

self ignition n — 1) camoBo3ropa-
HUE; 2) CaMOBOCILUIAMEHEHIE

separately adv — oOTAeNBHO,
IIOOJMHOUKE, IOPO3HB,
Pas3neabHO

sequentially adv — 1) nocre-
J[OBATEJIBHO, OJIHH 32 IPYTHM;
2) MOC/IeNoBaTEeIBHO, JOTH-
YEeCKH

service n — 1) pabora; codepa
IEeSTeNBHOCTH, 2) JKCILIya-
tanus; 3) oOCIy:KHUBaHUE;
4) yciyrH, cepBHC

setting » — ycTaHoBKa

shaft » — Ban; oce; crepxeHs

ship v—niepeBo3uTs (2pvs, mosap),
OTIIPABILATE (PA3AUYHBIMU BU-
damu mpancnopma)

significant adj — 3HaUNTENBHBII,
BAXKHBIH, CyIIl€CTBEHHBIH

silt # — u; HaHOCHKI; OcaNoK

sink # — c1uB; CTOK
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sluice v — 1) obopynoBars nLIIO-
3aMHM; IUIIO30BaTh; 2) CIyC-
KaTh, BBIIYCKATh BOAY 4epes
K03, BBITCKATh, JIMTBCA
yepes ILII03

smelly adj — BOHIOUHI, 3]I0BOH-
HBIiT

smelt v — nozxeeprars IUIaBKE;
PacIIaBJIATh, BBIIUIABISTH

soapstone # — MBUIbHBII KaMEHB,
CTEeaTHT

sodium » — HaTpuit

solar energy — cosHeUHas
JHEPIHUs

span v — 1) oxBaTelBaTh, IIPOC-
THPAThCA, PACTIPOCTPAHATHCS;
2) nmepexphIBaTh

spew v — 1) u3Beprarscsi, OHThH

KII0I0M,  (POHTAHMPOBATH;
2) BBIAABINBATH, BBIIPEC-
COBBIBATH

spin v — KpyTHTB, BEPTETH

split v — 1) packansBaTh; pac-
HIeIUIATh, pa3buBarh Ha
yacTd; 2) pa3OuBaTh; pas-
pymarb; 3) pa3nensiTs, Je-
JIMTh Ha 4aCTH; PACHIPENEIAT

spontaneous adj — caMompo-
W3BOJIbHBIA,  CIIOHTAHHBIH,
OecropsIoYHBIH

stator n —cTarTop a) HEIO/(BIXKHAS
4acTh MIEKTPHYECKUX M T'HII-
PaBJIMHECKHUX MalIMH POTOpP-
HOro THma; 0) HeNoIBHKHAS
4acTh KOHJIGHCATOpa IEPEeMEH-
HOM EMKOCTH

steam n — nap

steam reforming — o6pazoBanue
napa

store v—1)3amacaTh; HAKaIUIHBaTh
2) XpaHUTh; CKJIAIHPOBATH

stove n — 1uIMTa

strata n — pl. om stratum 1) cion;
IUIaCThl 2) HAIUIACTOBAHUE;
OTJIOXKEHHE TIOPOJ]

stretched adj — HarsHyTHIH
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structure 7 — CIPOEHHE, CTPYK-
Typa; KOHCTPYKIHS, YCTPOH-
CTBO

subbituminous adj — c1abobury-
MHHO3HBIN

subcritical adj — noxpurnueckuii,
CYOKPUTHYECKHIH

subject (to) v — 1) noguuHATH,
ITOKOPSTH;2) IIO/IBEPraTh (603-
Oelicmeuio, BIUSHUIO U M.1.)

substance n — BemecTBo

sulfur » — cepa

sulfur dioxide 7 — moxcun cepsl,
CEePHUCTHIN aHTHIIPUIT

supercritical adj — 3axpurn-
YECKHH, CBEPXKPHTHUECKUH,
HaJIKPUTHYECKUH

supplemental adj — nonoi-

HSFOIUH, JOIOIHUTEIbHEIN
surface mining — 1) oTKpeITBEIC
TOpHBIE PaboThI; 2) pa3pabor-
K2 OTKPBITBIM CIIOCOOOM
swampy adj — G0J0TUCTHIH, 3a-
OOJIOUEHHBIH, TOMKMI
synthetic fiber — curTeTHUECKOE
XMMHYECKOE BOJIOKHO
Syrup # — CHpOI

Tt

tailrace » — 1) HIWKHIS BOIA;
HIDKHU# 6bed); 2) oTBOISIIMIT
KaHAJ (800AHOU mypbumbl)
tanker n — 1) TaHkep, Hedre-
HAJIMBHOE CyaHO; 2) Oax,
IHCTEpHA
tar n — cMO0J1a; IeTOTh; I'YAPOH
tax break — Hanorosas iprora
technological advances -
TEXHHYECKHH IIPpOorpece
technology » — 1) TexHuxka; Tex-
HHYECKHE M IPUKJIATHBIE
HayKH; 2) TEeXHOJIOTHUS
tension »# — HaNpsKEHHUeE, HANPs-
JKEHHOE COCTOSIHHE



theorize v — 1) reopernsuposars;
2) TEOpeTHYECKH IpesCKa-
3bIBATh

thermal adj — temuioBoH, Tep-
MHYECKUH

tidal adj — cBs3aHHBI ¢ IPIIH-
BOM U OTIHBOM; IIPHJIMBO-
OTJIMBHBIH; TIOJBEPIKEHHBII
JEHCTBUIO TIPHUIIMBOB

tiny adj — oueHb MaJCHBKHIA,
KPOIICYHbIH

tire » — mmMHa, IOKPBINIKA

tool n — mHCTpYyMEHT

top layer — BepxHuUil CUiIOi,
BEPXHHH YPOBCHb

torrent 7 — MOTOK

total adj — Bech, 1ebIi; OOIHIA,
COBOKYITHBIH, CyMMapHbIit

trail v — GBITE MO3a11

transfer v — 1) nepenocurs,
IepeMeniars; 2) epeBo3uTh,
TPAHCIIOPTHPOBATh,  Iepe-
IIPABJISTH

transform v — 1) mpeo-
6pa3oBbiBaTh; 2) TpaHchop-
MHpOBark; 3) oOpamars;

IpeBpanark

transverse adi — nepecexaro-
NTUHACS, TIOTIEPEUHBIH

trapping »n — yJIaBIMBaHUE;

3aXBaT, 3aXBaThIBAHUE
treatment n — 1) (mexnonozuuec-
Kas) 00paboTKa; 2) OUHUCTKA
tremendous adj — OrpOMHBIA,
TUTAHTCKHH, TPOMaTHBIN
tremendously adv — ouens,
KpaiiHe, Ipe3BBIYaiHO
two-fold effect — npoiiHoit 3dpdexr

Uu

ultimately adv — 1) B xoHeuHOM
cueTe, B KOHIIE KOHIIOB;
2) OKOHYATEJILHO

underground adj— non3eMHbIH

underground mining — 1) non-
3eMHBIC TOpHBIE PabOTHI;
2) pa3paboTKa ION3EMHBIM
crocobom

uranium » — ypax

Vv

vapour » — 1ap; HCIapeHus

vehicular adj — TpaHcOpTHBIH

venting # — BEHTWISIIMSA; IPO-
BETPHBAHHE; BBINYCK BO3-
JlyXa; HOABOM BO3AyXa

versatile adj — yHuBepcanbHbIi

vessel n — 1) cocyn; 2) xopabib,
CYIHO

viable adj — xu3HecocoOHbIH

Ww

waste n — OTXOIbI

water intake — Bomo3abopHoe
YCTPOHCTBO

well n— 1) xosozerr; 2) CKBa)KHHa;
3) Bonoém

wicket gate — I1IOBOPOTHBIH
3aTBOP

wind farm — BeTpoBas 3yeKTPO-
CTaHIIUS

windmill » - 1) Berpsnas

MEJIBHHIIA; 2) BETPSK, BETPO-
JIBUTATENb; BETPOIHEPreTH-
YyecKas yCTaHOBKa

wind tunneling — 1) TyHHEnB-
HbIH  d(dexT; TyHHEIb-
HBIA Iepexos; 2) TyHHEJH-
poBaHHE

wire n — IpOBOJIOKA, IIPOBOJ,
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